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PREFACE 


T he current trend of the investigation of the chemistry of 
nutrition is emphasizing the significance of the amino acids 
as the fundamental factors in all problems in which hitherto 
the role of proteins has been involved. . . . Obviously the relative 
values of the different proteins in nutrition are based upon their 
content of these special amino acids which cannot be synthesized 
in the animal body and which are indispensable ...” These views, 
set forth by T. B. Osborne and L. B. Mendel in 1914, cover the 
accepted facts on protein nutrition today. The extension of the 
pioneer experiments of Willcock and Hopkins, Osborne and 
Mendel, and others were brought to a successful conclusion by the 
well known results of one of Professor Mendel’s distinguished 
students, Professor W. C. Rose of Illinois. 

With the proof of the es^ntial nature for animal nutrition of 
methionine, histidine, lysine, tryptophane, phenylalanine, threo- 
nine, leucine, isoleucine, and valine, and the special importance of 
cystine, arginine, tyrosine, and glycine as shown by W. C. Rose, 
H. J. Almquist, R. W. Jackson, H. H. Mitchell, and others, the 
nutritive evaluation of protein foods, based on their comparative 
amino acid composition, became a possibility. A reasonably ac- 
curate knowledge of the amino acid composition of a protein per- 
mits an approximation of its nutritive value and, more important, 
allows the choosing of different proteins so that they become mu- 
tually supplementary. The formulation of diets based on amino acid 
composition results in a great saving of time and cost over the long 
and tedious trial and error type of animal test employed heretofore. 

W. E. Gaunt (255) has said recently (1942) : ^‘Supplies of protein 
foods for both the human and the stock populations of Great 
Britain are limited, and this limitation will continue after the War. 
For the most economical use of these supplies, it is obviously of 
the utmost importance for us to determine as rapidly as possible 
the qualitative and quantitative amino acid requirements of farm 
animals and man.” If the amino acid requirements of an animal 
are known, even approximately, the proper quantities and com- 
binations of food proteins can be chosen, provided that their 
essential amino acid composition has been estimated by methods 
of comparable accuracy {cf. Chapter XI). Evidence is beginning to 
accumulate concerning the special importance of certain amino 
acids in pre- and post-operative treatment, in wound healing, in 
blood regeneration, in learning processes, and even in the etiology 
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of mental disease. Again, a knowledge gf the amino acids present in 
available proteins may permit the use of relatively inexpensive 
sources rather than the more costly purified amino acids. Amino 
acid analysis has revealed rich sources of specific amino acids in 
protein products which were heretofore unsuspected. Protein anal- 
ysis is also valuable in revealing new uses of the protein containing 
by-products of industry, and, in quickly, revealing specific de- 
ficiencies in natural and prepared foodstuffs. 

The degree of experimental accuracy in the, amino acid analysis 
of the naturally occurring heterogeneous proteins, which may vary 
within wide limits because of preparative difficulties as well as 
changes in the amino acid composition of the tissue or organism 
itself, does not need to be as high as that required in a study of the 
molecular structure of those rare proteins which have been shown 
to be homogeneous substances. Although, in all analytical work, 
one must strive for the determination of absolute values, neverthe- 
less, much valuable information of a permanent nature can be 
achieved by comparative amino acid analyses, especially in relation 
to protein nutrition. 

This monograph gives many of the analytical values from the 
literature as well as some hitherto unpublished experiments of our 
own. Those proteins, for which only a few analytitjal values of 
questionable accuracy are available, have been omitted; as have 
also the majority of those analyses on purified plant proteins which 
represent only a small proportion of the total proteins of the plant. 

Although the number of foodstuffs which have been analyzed, 
by even reasonably accurate methods, is very limited, it is the 
purpose of this monograph to summarize the data which have come 
to the authors’ attention, in such a fashion that the analytical 
values will become more easily accessible and widely available. In 
order to permit the reader to evaluate the data more accurately, 
nearly all of the analytical procedures which have been employed 
by various investigators are presented in detail. Although this may 
lead to a certain amount of repetition, especially in the first three 
chapters, it is hoped that the advantages outweigh the disad- 
vantages. 

The methods described include procedures for the estimation of 
those essential and non-essential amino acids which can be evalu- 
ated with some degree of accuracy. The analytical procedures are 
arranged along the lines which were forged by the methods them- 
selves, for example, the basic amino acids fall into one group: 
tyrosine, tryptophane and phenylalanine form another; the dicar- 
boxylic amino acids a third; serine and threonine form a fourth; etc. 
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We are greatly indebted to Dr. W. D. Block, University of 
Michigan; Dr. M. John Boyd, University ofeCincinnati; Dr. W. L. 
Brown, Georgia Experiment Station; Dr. J. W, Cavett, Charles 
City, Iowa; Professor A. C. Chibnall, London, England; Dr. 
Theodore F. La vine, Lankenau Hospital; Dr. W. R. Murrill, Uni- 
versity of Michigan; Dr. Ben H. Nicole t, United States Depart- 
ment of Agriculture; Dr. F. E. Reinhart of the Franklin Institute; 
and Dr. M. X. Sullivan of GeorgetoAvn University for the use of 
analytical procedures and results prior to publication. We also 
wish to thank Mr. J. R. Bishop, Chief, Cereal Grain Division, War 
Production Board; Drs. A. P. Ilellwig, B. F. Buchanan, and H. H. 
Schopmeyer, the American Maize-Products Co.; Dr. G. C. Sup- 
plee, the Borden Co.; Dr. H. G. Dunham, Difco Laboratories; 
Dr. B. F. Oser, the Food Research Laboratories; Dr. C. N. Frey, 
Standard Brands, Inc.; and Mr. Arthur Wendel, President, the 
Wheatena Corporation— for permission to include many analytical 
data on foods, food products^ and special protein hydrolysates. 

Many of the thoughts and ideas expressed in this monograph 
are the result of the kind suggestions and criticisms of various scien- 
tists, including, Drs. Max Bergmann, R. Keith Cannan, George R. 
Cowgill, Icie Macy-Hoobler, Nolan D. C. Lewis, William A. 
Perlzweig, C?irl L. A. Schmidt, M. X, Sullivan, Donald D. Van 
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We are especially indebted to Mrs. Paul Kerner for her meticu- 
lous stenographic work and for her preparation of the indices; and 
to Mr. Merrill Webb, U.S.N. for his invaluable aid in the prepara- 
tion of the bibliography. 

Prevace to Second Printing 

In the second printing of this monograph, it was not possible be- 
cause of printing difficulties to attempt to correct the errors and 
omissions of the earlier printing which were brought to our atten- 
tion both by private correspondence and in carefully considered 
reviews. However, the most severe criticism, mentioned only once, 
concerned the mode of presenting the analytical data. Although we 
believe that the method of presentation in the earlier printing 
(a method which did not originate with us) was the most suitable 
for the majority of users of this monograph, the fact that values 
could be interpreted in a way never intended by the authors, has 
caused us to change the form of the tables in this printing. The 
scheme used in this present printing was arrived at after consulting 
with a number of eminent protein chemists and nutritionists. 
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Our object in publishing this monggraph is to present to the 
average reader the wuiely scattered literature on the methods and 
results of protein analysis in the most easily useable form. We have 
no pet ideas to propound and continue to appreciate receiving sug- 
gestions for its future improvement. 
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I N PREPARING a monograph on the methods and results of 
amino acid determinations, it is proper to dwell briefly on the 
object and limitations of such work. 

If a study of the structure of a pure homogeneous protein is the 
point at issue, then determinations of a few amino acids with the 
highest possible accuracy is of infinitely greater value than rough 
estimations of the approximate quantity of a large number. 
Thus, for purely chemical and physico-chemical studies, accurate 
estimations are prerequisite; while for a broad survey of the field 
pf nutritionally valuable food proteins, the first need is to gain as 
wide a knowledge as possible of the qualitative and quantitative 
distribution oi the essential amino acids. It has been our experience 
that a food protein may be a good source of those nutritionally 
valuable amino acids which .are most commonly estimated (i.e., 
cystine, methionine, arginine, histidine, lysine, tyrosine, and tryp- 
tophane) and yet be deficient in one or more of the other essentials 
for which analytical methods are more difficult and, often, less ac- 
curate. If the analytical results of only the first group of amino 
acids were ihh sole basis of evaluating the protein, a serious error 
may have been made in estimating the hiologicsil quality of the 
protein. Thus, the analysis of all the amino acids of special nutri- 
tional importance, even though some of the results must, at present, 
be of comparative rather than absolute significance, will yield 
valuable and pertinent information. 

Wherever possible, several procedures have been given for the 
estimation of each amino acid. If the identical analytical result is 
obtained by two entirely different procedures, a degree of confi- 
dence is imparted to the values which is not given feven by closely 
checking replicate estimations by the same method. It is to be re- 
gretted that only a few investigators have used two or more meth- 
ods for the determination of a single amino acid in the same 
preparation. It is hoped that the summarizing in one place of the 
many methods which have been offered for the estimation and de- 
termination of amino acids will encourage this type of study. 

There is, however, one stumbling block in the accurate deter- 
mination of amino acids in proteins which must be constantly re- 
emphasized. Amino acids methods, with few exceptions, require 
hydrolysis of the protein before they can be applied. The suscepti- 
bility of each and every amino acid to loss during hydrolysis is dif- 
ferent and differs not only with the conditions of hydrolysis, but 
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more so with the presence or absenca of other substances in the 
hydrolysis mixture. Thus, various investigators have shown that 
cystine and especially cysteine may be destroyed during acid hy- 
drolysis when carbohydrates are present, but not in their absence. 

Attempts have been made to evaluate hydrolytic losses by add- 
ing the amino acid under investigation both before and after hy- 
drolysis. The' apparent destruction during hydrolysis can then be 
determined by the difference in the analytical results obtained. 
This requires the tacit assumption that the amino acid added to 
the protein reacts during the hydrolysis in exactly the same way as 
its analogue in the peptide linkage. A fact which is known to be 
untrue in the case of certain amino acids. However, this procedure 
is, it is believed, the best approximation that can be made at the, 
present time whenever hydrolysis is required. 

It is interesting to note that in a considerable proportion of the 
special procedures for protein analysis which have been applied 
without preliminary hydrolysis, the ^inalytical values obtained to 
date have been equal or even lower than those following hydrolytic 
fission. 

As in the case of all branches of science, the great majority of 
methods which have been used, are modifications of earlier pro- 
cedures. It will be the policy of the writers, whereVer possible to 
refer to a method first by the name of the investigator who initially 
developed or applied it to amino acids; and secondly wherever 
feasible, by the name of the modification used in the specific in- 
vestigation. Thus, the Vickery and Leavenworth (644, 645) modi- 
fication of the Kossel-Kutscher (379) procedure for the separation 
and isolation of the basic amino acids will be referred to as the 
Kossel- Vickery method. This system of nomenclature is not un- 
commow m and gen- 

eral piocedme' while mdicaWng the paTlicuiar impTovemeiA io\- 
iowed. 

In the interest of uniformity and to facilitate comparison, the 
analytical figures given in this monograph have been calculated to 
16.0 grams of nitrogen, wherever possible. In certain cases where 
nitrogen values were not given but the determinations were calcu- 
lated on the basis of the moisture, fat, and ash-free preparation 
the data have been recalculated to 16.0 grams of nitrogen using a 
generally accepted value for N which is always indicated by plac- 
ing the N value in parenthesis. It is recognized that this procedure 
may introduce a certain error, but it is believed more suitable than 
other methods of presentation. 

As all the data in the tables are calculated on the basis of 16 grams 
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of nitrogen, it is only necessary to know the nitrogen content 
of the protein in order to recalculate the da4;a in the tables to give 
the approximate amino acid composition of the preparation. If the 
protein contains 18.6 per cent of nitrogen on a moisture and ash- 
free basis, then the values in the proper table are multiplied by 
the factor 


18.6 

16.0 


or 1.16 


If the nitrogen of the product is only 12.2 per cent, then the 
amino acid figures are multiplied by the factor 


12.2 

16.0 


or 0.76 


Although a complete survey of, the literature on protein analyses 
has not been attempted, the authors realize that many valuable 
contributions, especially tho^e in foreign journals and in periodicals 
not devoted primarily to physiological chemistry, have been unin- 
tentionally omitted. It is also probable that, due to the many calcu- 
lations and transpositions of data from the literature, which were 
necessary in the preparation of this monograph, numerical errors 
have been m^de. The authors welcome the correction of any errone- 
ous statements or calculations and hope that readers will be so 
kind as to call their attention to important papers on this subject 
that have been omitted. 

We wish to acknowledge our indebtedness to the writers and pub- 
lishers of the various scientific books and journals from which the 
greatest part of the descriptions of experimental details, the analy- 
tical results, and almost all the figures and diagrams were taken. 

hoped that any omissions will be brought to the authors’ attention 
for rectification. 
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CHAPTER I 


THE DIAMINO ACIDS 

ARGININE, HISTIDINE, LYSINE, HYDROXYLYSINE, 
AND CITRULLINE 


Amino 

Formula 

Optical 

Molecular 

Percentage Composition 

Acid 

Form 

i Weight 

C 

II 

N 

0 

Arginine , 

CflHi 402 N 4 

d 

174.14 

41.35 

8.10 

32.18 

: 18.37 

Histidine 

C6H9O2N3 , 

1 

155.09 1 

46.42 

1 5.85 1 

27.10 

20.63 

Lysine 

CeHuOsNs 1 

d 

146.13 

49.27 

9.66 

19.17 1 

21.90 

Hydroxylysine 

CeHnOsN, 


162.13 

44.08 

8.70 

17.28 

29.61 

Citrulline 

CJI13O3N3 i 

1 

175.12 

41.11 

7.48 

23.99 

27.41 


PART I 

1. The Isolation and Separation of the Basic Amino 
Acids According to Kossel (378, 379) 

historical 

I N 1898, Kossel (378) reported the isolation and separation of 
the basic amino acids from protamines. Histidine was precipi- 
tated from the hydrolysate with HgCb from a neutral or weakly 
alkaline solution and isolated as the hydrochloride. Arginine was 
precipitated in the presence of excess silver ions (Ag 2 S 04 +AgN 03 ) 
by barium hydroxide in strongly alkaline solution and isolated as 
the nitrate. Lysine was precipitated, after removal of the histidine 
and arginine, by phosphotungstic acid in dilute sulfuric acid. The 
lysine was isolated as the picrate. 

As will be seen below with the exception that more convenient 
salts have been found for the isolation of histidine and of arginine, 
the Kossel method has been improved in detail only. 

EXPERIMENTAL* 

A. The Procedure of Kossel and Kutscher (379) 

Principle: The protein is hydrolyzed with a strong mineral acid 
and after removal of the excess acid, arginine and histidine are 
precipitated together as their silver salts in strongly alkaline 
solution. These bases can be separated because silver precipitates 

♦ Recommended procedures are starred. 

3 
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histidine quantitatively at neutral reaction while arginine does 
not come down until the silver salts are alkalinized with Ba(OH) 2 . 
Lysine is. separated from the first filtrate by precipitation with 
phosphotungstic acid. 

Histidine is isolated as the dihydrochloride. Arginine is isolated 
as the nitrate, and lysine is obtained as the picrate. A correction 
(0.036 gm. of arginine per liter) for the solubility of arginine silver 
in the presence of excess Ba(OH )2 is applied (Gulewitsch, 270), 

Reagents: Commercial phospho-24- tungstic acid is purified (Win« 
terstein^s method, 686) by shaking a dilute hydrochloric acid solu^ 
tion of the same with ether. The ether layer which contains the 
desired product, is separated and removed. The phosphotungstic 
acid is crystallized from water. 

Method: 1. Hydrolysis. 25-50 gm. of protein are hydrolyzed 
under reflux for 8-14 hrs. with 10 volumes of one of the following 
acid mixtures: 

a. 150 gm. of concentrated HzSOi-^SOO ml. of ILO. 

b. 162 ml. of concentrated HsSO^ +324 ml. of H 2 O. 

c. 114 gm. I 2 +I 4 gm. amorphous P +86 ml. of H 2 O, reflux to 
dissolve and use the HI as prepared. 

2 , Removal of Excess Acid and Humin. The solution is cooled, 
water is added, and then the excess acid is removed With barium 
hydroxide in the case of H 2 SO 4 and with silver nitrate and silver 
sulfate in the case of HI. The precipitate is washed repeatedly with 
hot water, 

3, Removal of NH 3 , The amino acid solution is concentrated to 
approximately 1 liter and an excess of magnesia is added. The al- 
kaline suspension is warmed to drive off the ammonia. 

4, Precipitation of Histidine and Arginine. After removal of the 
magnesia, the solution (vol. = 3 L.) is treated with an excess of 
Ag 2 S 04 at 40°. Excess silver ion is tested for by adding a drop of 
the filtrate to a few ml. of cold saturated Ba(OH) 2 . A brown precipi- 
tate indicates an excess of Ag+. This is the important browm spot 
test still in use. The solution is now saturated with pow^dered 
Ba(OH )2 -8 H 2 O. The resulting precipitate of arginine and histidine 
silver is ^vashed with cold saturated Ba(OH) 2 . The filtrate is set 
aside as it contains lysine. 

^ 5. Separation and Isolation of Histidine, The arginine and his- 
tidine silver salts are decomposed in dilute H 2 SO 4 by H 2 S. After 
the Ag 2 S and H 2 S have been removed, an excess of AgNOa is added 
and the histidine is precipitated by the careful addition of cold 
saturated Ba(OH )2 to neutrality and then to the point where am- 
moniacal AgNOg no longer gives a precipitate when added to the 
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histidine silver filtrate. Tke precipitate of histidine silver is washed 
with water. The filtrate contains arginine. • 

The histidine silver precipitate is decomposed with dilute H 2 SO 4 
and H2S. After removal of the AgsS and H2S, the H2SO4 is removed 
with Ba(OH )2 and the latter with CO 2 . The BaS 04 and BaCOs ’ 
are filtered off, thoroughly washed with hot water, and the filtrate 
is concentrated to a syrup. The syrup is extracted with 10-20 per 
cent AgNOs containing 1 drop of dilute HNO3. Any precipitate is 
discarded. The histidine is again precipitated as the silver salt with 
NH4OH. The histidine silver precipitate is removed and decom- 
posed with hot dilute HCl. The clear filtrate from the AgCl is con- 
centrated to a small volume and histidine dihydrochloride is removed 
and weighed; C 6 H 9 N 302-2 HCl after drying at 40° in vacuo. 

6. Separation and Isolation of Arginine. The filtrate from the 
histidine silver separation is saturated with powdered Ba(OH)z. 
The arginine silver precipitate is washed nitrate-free with cold 
saturated Ba(OH )2 and then it is decomposed with H 2 SO 4 and 
H 2 S. The precipitate of BaSO^ and AgzS is th orot jghly washed with 
hot water. The excess H 2 SO 4 is removed with Ba(OH) 2 'and the 
latter is taken out of solution with CO 2 . The alkaline filtrate of 
arginine carbonate is neutralized with HNO 3 and the solution is 
concentrated in vacuo to dryness. The residue is weighed as arginine 
nitrate, C6Hi4N402-HN03-iH20. 

A correction of 0.036 gm. of arginine per liter of AgN 03 -Ba( 0 H )2 
solution is applied (270). 

7. Isolation of Lysine. The filtrate from the initial separation of 
arginine and histidine is acidified with 112804 and the Ag+ is re- 
moved with H 2 S. The precipitate of BaS 04 and AgzS is thoroughly 
washed with hot water as usual, and the solution is concentrated 
to 500 ml. Sufficient H 2 SO 4 is added to make a final concentration 
of 5 per cent by weight. A 20 per cent solution of purified phospho- 
24-tungstic acid in 5 per cent H 2 SO 4 is added to the lysine frac- 
tion until there is no further precipitate for 10 seconds after 
adding the reagent. The lysine phosphotungstate, after standing at 
room temperature over night, is removed by filtration and carefully 
washed with 5 per cent H 2 SO 4 . The lysine precipitate is decomposed 
with an excess of Ba(OH) 2 . The barium phosphotungstate is thor- 
oughly washed with dilute Ba(OH )2 and the Ba++ is removed with 
CO 2 . The BaCOs is washed with hot water and the filtrate is con- 
centrated to a small volume. A solution of picric acid in absolute 
alcohol is added in small portions as long as a precipitate appears. 
The lysine picrate is removed and recrystallized from a small vol- 
ume of water. Lawrow (409) found that the solubility of lysine 
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picrate in water at 21-22“ was 0.54 gm. per 100 ml. However, even 
when this correction is applied the results of the recrystallized prod- 
uct remain low. Therefore, it is preferable to decompose the crude 
lysine picrate with dilute H 2 SO 4 ) remove the picric acid with ether, 
' and to reprecipitate the lysine as the phosphotungstate. Tyrosine 
remains in the lysine phosphotungstate mother liquors. The lysine 
phosphotungstate is decomposed as above and the base is isolated 
as the pure lysine picrate. 

Com 7 rient: Kossel and Kutscher used Ag 2 S 04 in the initial precipi- 
tation in order to avoid the effects of HNO3 on the lysine. The dis- 
advantage of Ag 2 S 04 is that it is relatively insoluble even at 40^ 
and therefore they advise that if a positive brown spot test cannot 
be obtained at a volume of 3 liters, the hydrolysate should be fur- 
ther diluted. 

These investigators recognized that the isolation method gave 
minimal results, but they stressed its comparative value especially 
when all conditions, i.e., the volumes of the arginine silver and lysine 
phosphotungstate filtrates, were kept constant. 

B, Kossel and Patients Modification (380) 

Principle: Histidine is quantitatively precipitated by HgS 04 in 
dilute H2SO4. This step is used to remove aspartic acid*; etc. which 
may be precipitated to a certain extent by silver at neutrality. 

Reagents: 75 gm. of HgO are dissolved by warming with 500 ml. 
of 15 per cent (by volume) of H2SO4. 

Method: The procedure is essentially the same as that of Kossel 
and Kutscher (379) except that BaCOs is used in place of magnesia 
to remove the humin and NHg. 

After the histidine silver has been precipitated at neutrality and 
the inorganic reagents have been removed, the solution is concen- 
trated so that it contains per cent of H 2 SO 4 and the histidine is 
precipitated by the addition of a slight excess of HgS 04 in H 2 SO 4 
solution. The mixture is allowed to stand over night. The histidine 
mercury precipitate is removed, washed with dilute HgS 04 re- 
agent and decomposed with H 2 S. The HgS is filtered off and thor- 
oughly washed with hot water. The HgS is then removed from the 
filtrate by boiling and the HtSOi is precipitated with Ba(OH) 2 . 
The latter is removed with CO 2 . The alkaline histidine solution is 
acidified with HCl and histidine dihydrochloride is obtained by con- 
centration to a small volume in a porcelain evaporating dish. 

Comment: It was recognized that tryptophane and cystine are 
also precipitated by HgSO^, but these amino acids can easily be 
tested for by the iiitroprusside and ITopkins-Cole reactions. 
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Although most investigators using the Kossel procedure were 
accustomed to isolate both arginine and histidine salts for the pur- 
pose of identification, many of the analytical values reported in the 
literature for these two amino acids were calculated from the total 
nitrogen of the final purified fractions. The nitrogen results were 
usually 10-15 per cent higher in the case of arginine and 20-30 
per cent higher in the case of hislidine than when calculated on the 
weight of the purified salts (494, 422, 643, and others). 

C, Kossel and Pringle Modification (381) 

Principle: Arginine and histidine silver salts can be separated 
by adding an excess of BaCOa at water bath temperature. 

Comment: These investigators showed that histidine is quantita- 
tively precipitated at a faintly alkaline reaction by silver, using 
Pauly^s diazo reaction (513) to follow the completeness of the reac- 
tion. This was confirmed by Kossel and Staudt (385 and others). 

D. Kossel md Siaudt^s Method (385) 

Principle: Arginine and histidine are precipitated together as 
the silver salts at pu 13-14, After removal of the reagents, the 
arginine is quantitatively precipitated as the flavianate (Kossel 
and Gross^ 384) and the histidine is calculated as the difference be- 
tween total N and N precipitated with flavianic acid. 

Comment: This procedure is useful in the analysis of protamines 
and other simple mixtures of amino acids, but is not advised when 
complex protein hydrolysates are to be investigated as the results 
for histidine will seldom be significant, 

F. The Modification of Osborne, Leavenworth, and 
Brautkeht (494) 

Principle: Arginine and histidine are precipitated together by 
AgN 03 -Ba( 0 H )2 instead of Ag 2 S 04 -Ba( 0 H )2 to keep down the 
volume of solution. Histidine is separated from arginine by HgS04 
in 5 per cent ILSOi. This method removes most of the histidine 
and the final amount is precipitated by AgN 03 'Ba( 0 H )2 to neutral 
to litmus followed by the careful addition of Ba(OH )2 until 1 drop 
of cold saturated Ba(OH )2 to 10 ml. of clear filtrate gives no pre- 
cipitate. 

Comment: A study of the purity of the final amino acid fractions 
gave the fojlowing results, Airginine copper nitrate accounts for 
85-90 per cent of the nitrogen of the arginine fraction. Histidine 
dihydrochloride accounts for 75-80 per cent of the N of the his- 
tidine fraction. Lysine must not be calculated from N, but only 
from the weight of the picrate. 
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Good determinations can be obtained only after considerable ex- 
perience. 

The length of hydrolysis was increased from 12 to 24 hours. 

G, Vickery and Leavenworth^ s 1927 Modification (642) 

Principle: Histidine is completely precipitated by silver and 
barium 'hydroxide at a pH abovdf 6 . 6 . Arginine does not begin to 
come down until pH 7.9. The histidine silver precipitate may how- 
ever include a small quantity of arginine which is best removed by 
decomposing the silver precipitate with hot dilute HCl and repre- 
cipitating with silver at pn 7,0. 

Arginine is precipitated by silver and barium at pu 10-11. It has 
been claimed that it is not necessary to saturate the solution with 
Ba(OH )2 as suggested by Kossel (379) and that if the precipitation 
is carried out near pH 11, the Gulewitsch (270) correction for the 
solubility of arginine silver need not be used. 

Comment: Bussit (137 found that histidine is not completely 
precipitated until the pn is 7.0 to 7.2. Later experiments showed 
that arginine, too, is often not quantitatively precipitated below 
pH 13 T4 and that the Gulewitsch factor gives added validity to 
the results obtained by the Kossel silver method. 

H. Vickery and Leavenworth 1928 Modification (643) 

Principle: Osborne^s (494) use of AgNOa is avoided and replaced 
with Ag 20 plus H 2 SO 4 , according to Kiesel (361). Arginine is iso- 
lated as the fiavianate (Kossel and Gross, 384). Histidine is isolated 
as the diflavianate. 

Reagents: Moist AgaO is prepared from AgNOa and NaOH. The 
suspension is washed with water until nitrate free. 

Method: 1 . Hydrolysis. 50 gm, of protein (edestin) were hydro- 
lyzed with 500 ml. of 20 per cent HCl for 30.hrs, i.e. until the ratio 
of total N: amino N became maximum. The excess acid was re- 
moved by repeated concentration in vacuo. The solution was di- 
luted to 2 liters, H 2 SO 4 was introduced from time to time to keep 
the reaction strongly acid while a suspension of moist AgsO was 
added until KossePs brown spot test became positive. The precipi- 
tate of AgCl was removed by centrifuging and thoroughly washed 
with hot water. The filtrate was concentrated to 2 L. in vacuo. 

2. Precipitation of Arginine and Histidine. The solution was 
tested for excess silver, if positive, hot saturated Ba(OH )2 was 
added to alkaline to phenolphthalein. The silver salts were removed 
and washed once with dilute Ba(OH) 2 . The filtrate and washings 
were set aside for lysine. The precipitate was decomposed with 
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H 2 SO 4 and H 2 S and the iiesulting filtrate was concentrated to 2 L. 

3. Separation of Arginine and Histidine^ Excess Ag20 was added, 
care being taken that the reaction remained acid to Congo red 
paper. Then cold saturated Ba(OH )2 was added to pH 7.0 — 
bromthymol blue was used as the external indicator. The histidine 
silver precipitate was removed. The filtrate contained arginine. 

4. Isolation of Histidine. The precipitate was decomposed with 
hot dilute HCh The AgCl was washed with hot water. The filtrate 
was concentrated to dryness and the excess HCl w^as removed with 
Ag20-n2S04. The silver ^vas taken out with HsS and the latter 
was removed by boiling. The solution was concentrated to 300 ml., 
II 2 SO 4 was added to 5 per cent by weight and an excess of 10 per 
cent HgS 04 in 10 per cent H 2 SO 4 was added. The precipitate was 
allowed to form for 48 hours after which it was removed and washed 
with dilute reagent. The histidine mercury precipitate was then 
decomposed with II 2 S. The reagents were removed, only a small 
amount of H 2 SO 4 should remain in the solution at this point. The 
solution was brought to volume and its nitrogen content was de- 
termined. The remainder was then concentrated to 40-50 ml. and 
an excess of flavianic acid (2,4'-dinitro-l-naphthoL7“Sulfomc acid) 
was added to the hot solution, Each gin. of histidine N requires 
14.96 gm.*of dye. The flavianate was crystallized in two crops and 
the precipitate was washed with alcohol and ether. 

Histidine = 0. 1979 X weight of histidine diflavianate 
M.P. = 25H when pure 
M.P. =230° when crude 

5 . Isolation of Arginine. The filtrates from the two histidine pre- 
cipitations were weakly acidified with H2SO4 and were concentrated 
to 2 liters. Hot saturated Ba(OH )2 was then added to alkaline to 
phenolphthalein and the precipitate of arginine silver was centri- 
fuged and washed with dilute baryta. The precipitate was then 
decomposed with H 2 SO 4 and H 2 S and the arginine sulfate solution 
was concentrated to 500 ml. An aliquot of this solution was removed 
for the determination of nitrogen. 1 gm. of arginine N requires 
5.61 gm. of Bavianic acid. A slight excess of reagent should be 
added to the arginine solution at boiling temperature. Arginine 
flavianate precipitated as glistening orange plates while the solution 
was still warm. The precipitate was washed with water, alcohol, 
and ether and dried at 110° to constant weight. 

Arginine = 0.3566 X weight of arginine flavianate, 

6. Separation and Isolation of Lysine. The filtrates from the al- 
kaline silver precipitations (sections 2 and 5 above) were strongly 
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acidified with H 2 S 04 and the silver was removed with H 2 S. The solu- 
tion was concentrated, dnade alkaUne to phenolphthalein with 
Ba(OH )2 and the ammonia was removed by concentration in vacuo. 
The reagents were removed and the filtrate was concentrated to 
500 ml. H 2 SO 4 was added until its concentration equaled 5 per cent 
by weight. An excess of 20 per cent phospho-24-tungstic acid in 
5 per cent H 2 SO 4 was added and the precipitate was allow’ed to form 
over night. The precipitate was removed and washed twice with 
2 per cent phosphotungstic acid in 5 per cent sulfuric acid. The 
lysine phosphotungstate w^as dissolved in acetone, water was added, 
and the lysine phosphotungstate w^as decomposed with an excess 
of hot saturated baryta. The barium phosphotungstate was washed 
twice with cold dilute Ba(OH) 2 . The filtrates were collected and 
the barium w^as removed exactly with H 2 SO 4 . The filtrate must be 
free of both Ba++ and SOi"” ions. The BaS 04 was w^ashed thor- 
oughly with hot water as usual. The lysine carbonate solution was 
concentrated to 500 ml. Nitrogen w^as (|etermined on an aliquot. 
The remainder of the solution w as concentrated to a thin syrup, 
absolute alcohol w^as added to a faint turbidity, and slightly less 
than the calculated quantity of picric acid in absolute alcohol wns 
added. The lysine picrate w^as allowed to crystallize out over night. 
The precipitate w^as filtered off, wnshed with cold absolute alcohoP 
and ether and dried at 110°. If the M;P. of the lysine picrate w^as 
250°, it was considered sufficiently pure, otherwise it wns rccrystal- 
lized from hot water, using LawTow^’s (409) factor for the solubility 
of lysine picrate in wnter of 0.54 gm. per 100 ml. 

Lysine = 0.3695 Xw’eight of lysine picrate. 

Comment: The importance of washing all insoluble inorganic pre- 
cipitates such as BaS04, BaCOa, Ag 2 S, HgS, etc. very thoroughly 
with hot w^ater and the desirability of carrying out all concentra- 
tions at a low temperature in vacuo cannot be stressed too often. 

The absolute accuracy of the analytical results can be further 
improved by wnrking over all filtrates after removing the reagents. 

Vickery and Leavenw’orth (043) report that 90 per cent of both 
histidine and arginine were recovered by the above procedure. Ap- 
proximately 80-90 per cent of the nitrogen in the histidine fraction, 
90 per cent of the nitrogen of the arginine fraction, and 60 per cent 
of the nitrogen of the lysine fraction could be isolated as the pure 
compounds. In confirmation of Kossel and Patten (380), these in- 
vestigators found dicarboxylic amino acids in the histidine fraction. 

Vickery and Leavenw'orth (645) reported in a later paper that 
difficulty was often encountered in obtaining a positive test for ex- 
cess silver ions in solution by the Ag 20 -H 2 S 04 method even when 
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Ag 2 S 04 was crystallizing out of solution. This is a serious disad- 
vantage to the Ag 2 S 04 method. • 

They, also, suggested raising the pH at which histidine is precipi- 
tated from 7.0 to 7.4 and then working up the HgS04 filtrate to 
recover any arginine which might be carried down in the histidine 
silver precipitation. Vickery and Leavenworth (645) believe that 
the small quantity of histidine, which they found in the arginine 
fraction, was due to the solubility of histidine silver. This is con- 
trary to the experience of most observers who find that the precipi- 
tation of histidine by silver can be made quantitative (101, 137, 
380, 385, 642, 23). 

L Vickery and Leavenworth^ s 1929 Modification (647) 

Principle: The histidine fraction is freed of cystine by precipitat- 
ing the latter with copper hydroxide. 

Method: After the histidine mercury precipitate has been de- 
composed with HaS a!nd the excess reagents have been removed, the 
reaction is adjusted to pH 7.0 with Ba(OH) 2 . Air is passed through 
the solution until any cysteine present has been converted to cys- 
tine (negative nitroprusside-ammonia test). The neutral solution 
is then boi\pd for 30 minutes with an excess of nitrate-free Cu(OH )2 
or CuCOs, cooled, filtered, and the precipitate is washed. After re- 
moval of reagents, histidine is isolated as the difiavianate. 

Comment: The calculation of histidine based on the nitrogen of 
the “histidine fraction’' may be high if appreciable quantities of 
cystine are present in the hydrolysate. However, it appears that 
this cystine would be removed by the AgNOs extraction employed 
in the original Kossel-Kutscher method (379). Kossel and Patten 
(380) were cognizant of the presence of cystine in the histidine 
fraction. 

Aberhalden et at. (23, 24) and Block (88) claim that there may be 
a considerable loss of histidine in the Cu( 0 H) 2 -CuC 03 precipitate 
especially when small volumes and small quantities of protein are 
employed as in the original Block adaptation of the Kossel method 
(86). This claim is refuted by Tristram (619). 

J. Vickery and Block's Modification (650) 

Principle: To insure an excess of silver ions in the initial pre- 
cipitation of arginine and histidine, AgNOs is used in place of 
Ag 20 -H 2 S 04 . The ammonia is removed from the lysine fraction by 
making the solution alkaline with NaOH rather than with Ba(OH) 2 . 
This saves considerable time and effort as large quantities of 
BaSO* do not have to be washed. Alcohol is added to the alkaline 



12 


AMINO ACID COMPOSITION 


solution to retard foaming and to facilit^e the distillation of am- 
monia. The lysine phosphotungstate precipitate is centrifuged, de- 
composed, and the lysine is reprecipitated with phosphotungstic 
acid. This avoids washing the heavy lysine phosphotungstate, 

*K, Calvery’s Sinall Scale Adaptation of the Kossel Method ( 138 ) 

Method: 1 . Hydrolysis. 5 gm. of protein are refluxed with 50 ml. 
of 20 per cent HCl for 36 hours., 1.5 ml. of concentrated H2S04'are 
added and the solution is evaporated to a thin syrup. This process 
removes almost all of the IICl. 

2 . Removal of Humin. The amino acid solution is made alkaline 
to litmus with Ba(OH)2. The precipitate is removed and washed 
with dilute Ba(OH)2. 

3 . Precipitation of Arginine and Histidine, This is carried out 
with Ag20-H2S04 and Ba(OTI)2 in strongly alkaline reaction. The 
precipitate is decomposed with H2SO4 and H2S. 

4 . Separation and Isolation of Histidine. Ag20-H2S04 and 
Ba(OII)2 are added to pH 7 . 4 . The histidine silver precipitate is 
decomposed with hot dilute HCl. The solution is brought to a con- 
venient volume and the quantity of histidine present is estimated 
by the Plimmer-Phillips bromine test ( 519 ) and by the Pauly- 
Koessler diazo reaction ( 278 ). HCl is removed from the 'remainder 
of the solution by Ag20-Il2S04 and histidine is precipitated by the 
addition of § volume of HgS04 in H2SO4, prepared according to 
Hopkins and Cole ( 307 ) after adjusting the H2SO4 concentration of 
the histidine fraction to 5 per cent by weight. Histidine is finally 
isolated as the diflavianate in two crops, M.P. = 251 - 250 °. 

5 . Isolation of Arginine. Arginine is precipitated with Ag20- 
Il2S04-Ba(0H)2 as usual and is isolated as the flavianate, 

6. Separation and Isolation of Lysine. After removal of Ag+ and 
Ba++ from the lysine fraction, the solution is freed of NHa by 
Ba(OH)2 and alcohol. The barium is removed with H2SO4 and the 
excess of the latter with BaCOa. The filtrate is concentrated to 75 
ml. and 2.8 ml. of concentrated II2SO4 are added to make the final 
acidity equal to 7 per cent. 8 gm. of phospho- 24 -tungstic acid in 10 
ml. of hot water are added and the precipitate is allowed to stand 
at room temperature over night. The lysine is isolated as the picrate 
as usual. 

Comment: Calvery ( 138 ) points out in this paper that the acidity 
of the histidine solution is important in the quantitative precipita- 
tion with HgS04. If the acidity is over 5 per cent by weight, the re- 
coveries ate . B.e aA.so c\a\ins lha.t ehVonde iTAeTietea with iVie 
precipitation of histidine by HgS04. 
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Isolated quantities of {he basic amino acids as compared to the 
total nitrogen of their respective fractions were approximately: 
arginine 65-75 per cent; histidine 80-100 per cent; and lysine 60 
per cent. 

*L. Block’s Microadaptalion of the Kossel Procedure (86, 88, 101) 

Principle: Only single precipitations are carried out. Histidine is 
brought down as the silver salt at pii 7.4 (AgN03-Ba(0H)2). 
Arginine is precipitated, after concentration of the histidine filtrate, 
by silver at pn 13-14 with Ba(OH)2. Ammonia is removed from the 
arginine filtrate by NaOH and alcohol. Lysine phosphotungstate 
is decomposed by Winterstein’s method (686) with amyl alcohol 
and ether according to Van Slyke (633). Arginine is isolated as the 
flavianate (384), histidine as the nitranilate (88, 101) and lysine 
as the picrate. 

Reagents: 1. 8 H2SO4; 224 ml. of concentrated H2SO4 are diluted 
to 1 L. , 

2. AgNOa! 50 gm. AgNOg are dissolved in 100 ml. of water. 

3. 5 per cent H2SO4: add 29 ml. of concentrated H2SO4 to 1000 
ml. H2O. 

4. Amyl Alcohol-Ethcr mixture: 1250 ml. of ether, 1000 ml. 
amyl alcoh’bl (normal or tertiary) and 50 ml. of ethanol. 

5. Nitranilic acid: a 300 ml. round-bottomed, short-necked flask, 
equipped with a stirrer, thermometer, and dropping funnel is half 
immersed in a freezing mixture or dry ice-cellusolve solution. 85 ml. 
of fuming HNO3 are added and the contents of the flask are cooled 
to 0®. To this solution, 20 gm. of hydroquinone diacetate (diacet- 
oxyquinone) are added in small portions. The temperature is 
maintained at 0^ to —5° during the addition of the diacetate over 
a period of one hour. When all of the solid is in solution, 65 ml. of 
concentrated H2SO4 are added slowly to the reaction mixture from 
a dropping funnel. The temperature is kept below 5°. The time of 
addition is about 3 hours. Nitranilic acid starts to separate out in 
yellow crystals after .approximately two thirds of the H2SO4 has 
been added. When the addition is complete, the solution is stirred 
for one hour longer to ensure a maximum yield. The solution is then 
added to ten times its volume of finely chopped clean ice. When 
the ice has just melted and the temperature is about 0°, the yellow 
nitranilic acid is filtered off on a sintered glass funnel. The 
filtration must take place at 0°. The sintered glass funnel, contain- 
ing the nitranilic acid, is placed in a vacuum desiccator over 
^aOH and 

The crude acid (about 30 gm.) is dissolved in a minimum quan- 
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tity of ice water (approximately 300 ml.) ^nd one third its volume 
of cold concentrated niiric acid is added slowly. Nitranilic acid 
separates out in fine needles. After standing for some time at 1®, 
the solid is filtered off on a glass funnel and dried in vacuo over 
NaOH for several days. Yield about 50 per cent of theory or 14 
gm. 

We are indebted to Dr, Arnold Schein for these directions. 
Nitranilic acid may be purchased from the Edwal Laboratories, 732 
Federal Street, Chicago, 111. 

6. Deniges’ or Hopkins’ Reagent: 15 per cent'HgS 04 in 4 or 6 N 

ESOi. 

7. Picric Acid, purified according to Benedict (62): 6 liters of 
H 2 O are heated to boiling and 250 gm. of Na 2 C 03 are added. When 
this has dissolved, 500 gm. of moist picric acid are added in small 
portions. Before all the picric acid has dissolved, the mixture should 
be removed from the flame and stirred for a few minutes until there 
is complete solution of the picric acid. 4^^ny dirt is removed by de- 
cantation and the solution is allowed to stand at room temperature 
over night. The sodium picrate is filtered and washed twice with 2 
liters of 10 per cent NaCl each time. The precipitate is dried be- 
tween each washing. Wlien thoroughly dried, the vacuum is turned 
off and 500 ml. of 1 :4 HCl are poured on the filter and the mixture 
is stirred with a porcelain spatula. The HCl is sucked off and the 
process is repeated 3 more times. The picric acid on the filter is then 
washed with 2 liters of cold water and air dried in the dark for some 
time. The picric acid is recrystallized twice from hot benzene to 
remove any trace of NaCl. 

Method: 1. Hydrolysis. 2.500 gm. of lipid free protein are 
hydrolyzed with 25 ml. of 8 n H2SO4 under reflux for 16-24 hours. 
A few quartz-stones and a ml. of caprylic alcohol aid in easy boiling 
and in the prevention of foaming. The hydrolysate is transferred to 
a 250 ml. Pyrex centrifuge bottle (|1055 regular) and the excess 
acid is neutralized with 30 gm. of Ba(OH)2-8 H2O. The solution 
should turn Congo red paper black (approximately pn 3.5). 

All test papers are carefully washed in order to reduce losses. 
Dilute Ba(0H)2 or H2SO4 may be employed to bring the reaction 
to the required pn. 

2. Removal of BaS04. The precipitate is centrifuged off and the 
supernatant liquid is filtered through 18.5 cm. Whatman folded 
filter paper ,^12 into a liter round-bottomed flask with a ground 
glass joint. The apparatus shown in diagram 1 is used for all vacuum 
distillations. 

The BaS 04 precipitate is washed thoroughly three or four times 
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with hot water by breaking up the precipitate and shaking the 
stoppered centrifuge bottle strongly. A few drops of caprylic alcohol 
are added to prevent foaming. The clear filtrate and washings are 
concentrated to approximately 75 ml. and are transferred into a 
250 ml. centrifuge bottle. 

It should be stated that all insoluble precipitates such as BaSO^, 



BaCOs, Ag 2 S, IlgS, etc. should be thoroughly and repeatedly 
washed with boiling w^ater. A few drops of caprylic alcohol and 1 : 3 
H2SO4 can usually be added to reduce foaming and to effect better 
extraction. 

3. Precipitation of Histidine. 50 per cent AgNOg is now added 
until a drop of the amino acid solution added to a small amount of 
dilute Ba(OH) 2 , gives a copious precipitate of browm silver oxide 
(Kossel’s test). Cold saturated baryta is added to the hydrolysate 
to pH 7.4 as indicated by a distinct blue color with bromthymol 
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blue. This test is also made in a PO^celam spoon. The change m 
M, as the Ba(OH), is.being added, is best followed with litmus 
paper. As one approaches the end point, the precipitate of histidine 
silver settles very rapidly. When the solution has been adjusted to 
OH 7.4, it is advisable to test the reaction with phenolphthalem 
paper in order to be sure that the solution is definitely acid to this 
indicator. The precipitate is centrifuged off and the clear filtrate is 
poured into the same 1 liter Bask as employed for the original con- 


The use of the same apparatus is advisable wherever possible in 
order to reduce slight mechanical losses. 

The histidine silver precipitate is washed once or twice with 150 
ml. portions of water. The combined filtrate and washings, which 
contain arginine and lysine^ are weakly acidified with 1 : 3 H 2 SO 4 
and concentrated in vacuo to approximately 50 ml. Caprylic alcohol 
is used. in ample quantities to prevent foaming. 

4. Isolation of Histidine. The histidine silver precipitate is 
suspended in 50 to 150 ml. of water and is acidified with 1:3 
H 2 SO 4 to pH 1 - 2 . It is sufficient to make this suspension distinctly 
blue to Congo paper, but care must be taken that an excess of 
sulfuric acid is present. The histidine silver is decomposed with 
II 2 S. The decomposition usually takes only a few minutes and is 
complete shortly after the silver sulfide begins to coalesce into 
fairly large clumps. The H 2 S is removed by aeration. The excess of 
H 2 SO 4 is removed by the careful addition of saturated Ba(OH )2 


to pH 3-4. 

The reaction of the histidine solution at this point does not ap- 
pear to be of great importance, but soluble barium salts must not 
be present. 

The precipitate is removed and washed. The histidine sulfate so- 


lution is concentrated to 5 ml. The solution is filtered into a 125 


ml. Erlenmeyer flask using a 9 cm. soft paper (Whatman). The still 
and flask are carefully rinsed with 5 to 10 ml. of water followed 
by two 5 ml. portions of methanol. Each washing is passed 
through the filter paper in succession. The histidine sulfate solution 
may become cloudy after the addition of methanol. The solution is 
cooled to room temperature and an excess of nitranilic acid is added 
either as a solid or dissolved in a little methanol. The precipitation of 
histidine nitranilate begins immediately on scratching or seeding. 
The solution is placed in the refrigerator over night and the pre- 
cipitate is filtered on a #4 sintered glass crucible. An excess of nitra- 
nilic acid is employed. The histidine nitranilate, after washing with 
methanol and ether, is dried at 105° and weighed. 
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Histidine = 0.403 X weight of histidine nitranilate; 

CjH902N3 C 6 Ha 08 N 2 . N = IS.^per cent. 

In certain instances it is desirable to purify the histidine fraction 
before precipitation with nitranilic acid. In these cases, the histidine 
sulfate solution, adjusted to pn 3 to 4, is concentrated to 100 ml, 
and 30 ml. of 15 per cent HgSO^ in 4 N H2SO4 (Deniges^ reagent) 
are added. The solution is allowed to remain in the refrigerator over 
night. The histidine mercury is centrifuged off and the filtrate is 
discarded. The precipitate is suspended in water and is decomposed 
with H2S. Complete decomposition is ascertained by the deep 
black color of the suspension and its speedy settling when the 
stream of gas is stopped. The H2S is removed by aeration and the 
pii is adjusted to pn 3-4. The HgS and BaS04 are centrifuged off 
and the histidine is isolated as the nitranilate. 

Vickery (659) has suggested the use of BjL-dichlorobeiazene- 
sulfonic acid as the precipitant for histidine. Four moles (6.8 gm, 
per gm. of histidine) are added to the histidine hydrochloride solu- 
tion and the solution is warmed to dissolve any precipitate. It is 
cooled slowly at room temperature and then in the refrigerator for 
24 to 40 hours. The histidine disulfonate is transferred with the aid 
of the cold mother liquor to a sintered glass crucible and washed 
with 3 to 5 oc. of cold 4 per cent 3,4-dichlorobenzenesulfonic acid. 
The crucible is dried in a desiccator over H2SO4 for some time, re- 
moved, and the precipitate is washed with three 10 ml. portions of 
ether and dried at 105°. 

Histidine = 0.2548 X weight of disulfonate 
Decomposition Point 273-280° N = 6.90 per cent (theory). 

The barium salt of 3,4-dichlorobenzenesulfonic acid is insoluble. 

Histidine disulfonate is soluble in 10 per cent reagent to the extent 
of about 95 mg. per 100 ml. It can be recrystallized from hot water. 

5. Separation of Arginine. The amino acid solution, which has 
been brought to approximately 50 ml., is transferred to a 250 ml. 
centrifuge bottle and is tested for the presence of excess silver 
(Kossehs brown spot test). More AgNOg is added if the test is not 
strongly positive. The arginine silver is precipitated by the addition 
of hot saturated Ba(OH)2. The solution is made dark red to phenol- 
phthalein paper and then approximately 5 cc. more of baryta are 
added. The arginine silver precipitate is removed by centrifugation 
and is washed with cold saturated Ba(OH)2. The filtrate and wash- 
ings should be between 175 and 300 ml. 

A correction based on the solubility of arginine silver of 3.6 mg. 
of arginine per 100 ml. may be applied (270). 

The arginine filtrate contains lysine. 
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6. Isolation of Arginine. The arginine silver precipitate is sus- 
pended in 200 mJ. of diJute H2SO4. The solution should be distinctly 
blue to Congo paper. The salt is decomposed with H2S. 1 he H2S is 
removed by a stream of air and the reaction is adjusted to black to 
Congo paper with Ba(OH)2. The precipitate is removed by centri- 
fuge and it is washed with hot water containing a drop of 1:3 
H2SO4. The filtrate and washings are concentrated to approximately 
15 ml. and the arginine sulfate solution is filtered through soft 
paper into a 125 ml. Erlenmeyer flask. The still and flask are rinsed 
down with small portions of water. The combined filtrate and 
washings, volume approximately 25-30 ml., are heated to 90° and 
an excess of flavianic acid (2,4-dirutro-l-naphthol~7-sulfonic acid) 
is added either as a solid or dissolved in warm water. Within a very 
few minutes, the shining plates of arginine flavianate appear in the 
hot solution. If they do not, the solution is seeded. The flask, is 
placed in the refrigerator over night and the precipitate is filtered 
on a tared sintered glass crucible #3. The arginine flavianate is 
washed with cold water, acetone, and ether and is dried at 110°. 

Arginine = 0.357 X weight of arginine flavianate 
M.F. =258-260° with darkening 

N = 17.20 per cent; S = 6.56 per cent 

7. Eemoval of Ammonia. The strongly alkaline solution from the 
arginine silver precipitation is immediately acidified to pii 1 with 
1:3 II2SO4. The silver is removed by H2S. The precipitate of Ag2S 
and BaSOi is removed and thoroughly washed. The combined 
filtrates are concentrated in vacuo to 200 ml. One to 2 ml. of 
0.1 per cent solution of phcnolphthalein in 50 per cent alcohol are 
added and just enough 10 per cent NaOH so that the solution re- 
mains red after the addition of 75 ml. of ethanol. The solution is 
concentrated at a low temperature to approximately 10 ml. and 
sufficient 1 : 3 H2S04 is added to discharge the red color. If, during 
the concentration, the red color disappears it may be due to in- 
sufficient alkalinity as a result of the removal of NH3 or, as is more 
often the case, to destruction of the indicator. It is therefore ad- 
visable at the end of the concentration to add fresh indicator. 

8, Precipitation of Lysine Phospho tungstate. Two or 4 ml. of 
1 : 3 H2SO4 are now added and the solution is transferred to a 250 
ml. centrifuge bottle. The still is washed three or four times with 
small portions of water. The final volume should not exceed 40 ml. 
The solution is now heated in boiling water to approximately 90° 
and 10 gm. of phospho-24-tungstic acid in 30 or 50 ml. of hot 2 or 5 
per cent by weight of H2SO4 are added. The solution is placed im- 
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mediately in ice water and is stirred for a short time. Crystallization 
of lysine phosphotungstate*begins almost ii^mediately. The bottle 
is kept in the ice bath for 30-45 minutes. The precipitate is removed 
by centrifuging and it is washed carefully three or four times with 
2 per cent phospho tungstic acid in 2 or 5 per cent H2SO4. The vol- 
ume of the lysine phosphotungstate should not exceed ISO ml. 

9, Decomposition of Lysine Phosphotungstate. The crystalline 
phosphotungstate is suspended in 50 to 75 ml, of water containing 
4 ml. of 1 :3 H2SO4. 50 to 75 ml. of amyl alcohol-ether mixture are 
now added and the suspension is stirred until all the phosphotung- 
state has been dissolved. 

It is important to add sufficient solvent so that when the phos- 
photungstic acid is dissolved; the specific gravity will be less than 
that of the aqueous layer. 

The water and solvent are transferred to a 300 ml. separatory 
funnel and the aqueous layer is drawn off into a second funnel of 
the same size. The solvent is poured into an Erlenmeyer flask and 
is retained for the time bemg. The separatory funnel should be 
rinsed with 10 to 15 ml. of water containing a few drops of H2SO4. 
The aqueous solution is again extracted with fresh solvent and 
after separation it is returned to the first funnel which has been 
cleaned in l^e meantime. The solvent is washed into the flask 
containing the initial solvent. The extraction of phosphotungstic 
acid is carried out a third time in the same manner. The lysine 
sulfate solution is set aside and the combined solvent solutions are 
poured into a separatory funnel, shaken, and the aqueous layer is 
drawn off. The solvent is discarded and the aqueous washing is 
extracted with fresh solvent. 

The aqueous solutions are now combined and extracted with 
amyl alcohol-ether. The last solvent is extracted with a little dilute 
H2SO4. 

The lysine sulfate solution, in a 250 ml. centrifuge bottle, is 
brought to pH 5, i.e. red to Congo and to litmus papers. Several 
gm. of BaCOs are stirred in until the reaction becomes alkaline to 
litmus paper. The precipitate is-removed and washed. The filtrate 
is concentrated m vacuo to 200 ml. in the presence of about 1 gm. 
of BaCOa and some caprylic alcohol. The precipitate is removed 
and washed and the lysine carbonate solution is concentrated to 
30-50 ml. at low temperature. 

10. Isolation of Lysine Picrate. The lysine solution is filtered, 
washed into a 100 ml. round-bottomed flask, and concentrated to 
a thin syrup at a low temperature. It is very important not to allow 
the lysine carbonate to become warm, i.e. over 40°. The apparatus 
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is rinsed down with a few drops of water and then about 10 ml. of 
absolute alcohol are abided. The solution often becomes cloudy. An 
excess of purified picric acid in absolute alcohol is added to the cold 
lysine carbonate. Lysine picrate usually crystallizes out immediate- 
ly. The flask is placed at 0° over night. The lysine picrate is filtered 
on a #4 sintered glass crucible and washed with cold absolute alco- 
hol and with ether. 

Lysine picrate explodes at 250^" if slightly impure and 266° if 
pure. 

Lysine = 0.39 X weight of lysine picrate. 

If the lysine picrate does not explode above 250° uncor., it should 
be recrystallizcd from a little hot water. The resulting lysine pic- 
rate should be corrected by the solubility of lysine picrate in water, 
540 mg. per 100 ml. at 21-22° (Lawrow, 409) or 340 mg. per 100 
ml. at 0° (Tristram, 619). 

11. Isolation of Lysine Nitranilate. In the presence of large 
amounts of proline it is often difficult^to isolate pure lysine picrate. 
In these cases, some success may be had with nitranilic acid. The 
lysine carbonate solution is concentrated to approximately 10 ml. 
and 25 ml. of methanol are added. An excess of nitranilic acid is in- 
troduced. The precipitate of lysine nitranilate appears in a short 
time. After standing in the refrigerator over night, the lysine nitra- 
nilate is filtered off on a ^4 sintered glass crucible. The precipitate 
is washed with methanol and ether and dried at 110°. Explosion 
point 214° uncor. 

Lysine = 0.387 X weight of lysine nitranilate. 

Coinmenis: The method described above is the one which we have 
found to yield satisfactory and reproducible results with a great 
many proteins which differ widely in their amino acid composition 
and in their state of purity. However, it should be remembered that 
no hard and fast rules can be made for the estimation of the bases 
and that it is often advisable to modify the experimental conditions 
to meet specific needs. For example if a protein is deficient in one 
or more of the basic amino acids it may be necessary to employ a 
larger quantity of protein or to use a combination of the micro- 
Kossel method with one or more of the specific colorimetric proce- 
dures to be described later. 

Out modihcatlou of the I^ossel method permits two individuals 
to carry out two complete arginine, histidine, and lysine estimations 
in one and a half working days or about 12 hours. The only piece of 
apparatus which is not usually available in a simply equipped 
chemical laboratory is the rapid vacuum still shown in diagram 1, 
The ease with which the basic amino acids can be carried out allows 
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the use of control analyses with each protein to be analyzed. The 
control analysis is usually carried out con(;urrently with the un- 
known by adding a known quantity of arginine, histidine, and ly- 
sine to a mixture of glycine or other amino acids and starch or other 
carbohydrates. The mixture should be equal in nitrogen and total 
weight to the protein in question. 135 mg. of histidine hydrochloride 
hydrate, 121 mg. of arginine hydrochloride, and 150 mg. of lysine 
dihydrochloride are equal to 100 mg. of the free base. It has been 
our experience that the loss of each of the amino acids is quite con- 
stant for each protein preparation, but varies with the non-protein 
impurities. The loss of arginine is usually from 18 to 28 mg., of 
histidine from 8 to 14 mg., and of lysine from 14 to 28 mg. 

Miller (451) has shown that the Block micro-modification of the 
large scale Kossel-Vickery method yields equally good results if the 
Gulewitsch correction for the solubility of arginine silver is used. It 
is difficult to carry out a large scale (50 gm. or more of protein) in 
less than two weeks. 

Nitranilic acid, 2,5-dihy(rroxy-3,6-dinitro-p-benzo-quinone was 
first introduced as a precipitant for glycine by B. W. Town (617) 
in 1936 and for the diamino acids by Stein and Miller in 1937 
(personal communication and 586). The latter investigators (586) 
reported that 82 per cent of the histidine present in solution was 
precipitated by nitranilic acid from an alcohol-water mixture such 
as used by Town (617) to precipitate glycine. 

Mazur (442) claims that the solubility of lysine phosphotung- 
state is lower in 2 per cent H2SO4 than in 5 per cent (by weight) of 
this acid. The latter concentration is that generally employed. 

M. Ayre’s Modification (38) 

Principle: The basic amino acids and ammonia are directly pre- 
cipitated by phosphotungstic acid. Ammonium phosphotungstate 
is not decomposed by amyl-alcohol and ether and thus it can be 
removed by centrifugation. 

' Method: Four to 5 gms. of protein are hydrolyzed 36-40 hrs. with 
20 per cent HCl. The hydrolysate is washed into a 250 ml. centri- 
fuge bottle, heated, and an excess of phospho-24-tungstic acid is 
added. The solution is then diluted with water until the concentra- 
Uon. oi. KCV ec\wa\?> b eewt.. to 

over night. It is washed twice with 2.5 per cent phosphotungstic 
acid in 5 per cent H2SO4. The precipitate is decomposed with amyl 
alcohol and ether (c/. L above). The insoluble ammonium phospho- 
tungstate is removed and washed. The bases are separated using 
Ag20-H2S04-Ba(0H)2. As a rule a second phosphotungstic acid 
precipitation is not carried out. 
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*N, Tristram* s Modification (619) 

Principle: This is essentially the Block procedure except that the 
ammonia is removed as the phosphotungstate (Ay re’s method) 
rather than by distillation. 

Method: Differences in procedure from the Kossel-Block method 
will be given only. 1. All precipitates are washed by grinding in a 
mill three times unless otherwise stated. 2. BaS04 is boiled with 
acidulated water for 10 minutes. 3. Histidine silver is washed twice 
with water, 4, Arginine silver is washed twice with dilute baryta. 
5. Lysine phosphotungstate is allowed to stand in a cool place (15 
to 20°C.) over night. 

0. The Procedure of Mourot and Hoffer (466) 

Pnnczp/e; Arginine and histidine are reprecipitated two or three 
times by silver acetate and baryta until only arginine and histidine 
are present in the precipitate. Histidine is then separated from argi- 
nine at neutrality by dilute baryta and silver acetate. 

Reagents: Silver acetate (137): 900 ml. of water and 90 ml. of 20 
per cent sodium acetate are heated to boiling and 150 ml. of 20 per 
cent silver nitrate are added. The solution is allow^ed to cool in a 
dark place. The silver acetate is filtered off, washed, und dried. It 
is recrystallized from water by adding two volumes of alcohol. A 
saturated solution of silver acetate in dilute acetic acid is used. 

Method. 1. Precipitation of Arginine and Histidine. Arginine and 
histidine are precipitated from a small volume by Ag acetate and 
baryta to saturation. The precipitate is dissolved in JO per cent 
acetic acid and the bases are again precipitated with silver and 
baryta. This is repeated two or three times. 

2. Separation of Histidine. Enough dilute Ba(OH)2 is added to 
the arginine and histidine mixture to exactly neutralize the solution 
and the acidity of the silver acetate to be added in excess (Kossel 
brown spot test). The precipitate of histidine silver, which contains 
some arginine, is washed three times with dilute baryta. The filtrate 
contains arginine. The precipitate is dissolved in 10 per cent acetic 
acid and the silver is removed with N/10 KCl. Baryta is added to 
neutralize the acid plus a 10 ml. excess. Then 10 ml. of silver ace- 
tate, equivalent to the lO^nl. excess of Ba(OH)2 are added and the 
histidine silver precipitate is washed as before. Three such precipi- 
tations result in the complete separation of arginine and histidine. 

Comments: No experimental results other than those on mixtures 
of arginine and histidine were reported. Therefore, it is not possible 
to evaluate this method as applied to protein hydrolysates. 
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DISCUSSION 

* 

Because the analytical results obtained by 4;he Kossel method are 
based on the isolation of pure derivatives of the amino acids, the 
values must be minimal. This fact has been recognized by every 
investigator since it was first stated by Kossel and Kutscher in 
1900. However, various means have been utilized to improve the 
validity of the analytical data. 

Hydrolytic Losses: Possibly the principal unsolved difficulty in 
all amino acid analyses is, as mentioned in the introduction, de- 
struction during hydrolysis. Kossel and Kutscher (379) and later 
workers have attempted to minimize these by hydrolyzing under 
different conditions. 

Tristram (619) has observed that the yield of arginine is de- 
creased as the quantity of carbohydrate in the preparation hydro- 
lyzed is increased. He has proposed the following empirical cor- 
rection to be applied in these cases. 

Losses of Arginine in "the presence of Carbohydrate 
Nitrogen in per cent 17.0 16.0 15.0 12.5-13.0. 

Correction factor 1,06 1.10 1,15 1.20 

Arginine Losses: Gulewitsch (270), working in Kossefis labora- 
tory, estimated the solubility of arginine silver by shaking the 
freshly precipitated salt for 4 hours with cold saturated Ba(OH)j in 
3 per cent Ba(N03)2. These experiments indicated that 0.036 gm. 
of arginine were dissolved per liter. This correction was generally 
used by Kossel, Osborne, and others until 1927 when Vickery and 
Lea^venworth (642) claimed that Gulewitsch^s correction is not 
necessary if arginine is precipitated near ps 11. Other experience 
(385, 86, 104, 451, 619, etc.) indicates the need for saturating the 
silver solution with baryta as advised by Kossel and the value of 
the Gulewitsch correction. The absolute quantity of this correction 
cannot be fixed with any accuracy since the solubility will vary with 
the nature and quantity of the other amino acids present (Miller, 
451). 

Losses due to the solubility of arginine flavianate in the presence 
of excess flavianic acid are almost negligible. 

Histidine Losses: With one exception (645), it is generally agreed 
(23, 88, 101, 195, 381, 385) that histidifte' is quantitatively pre- 
cipitated as the silver salt. The recent introduction of nitranilic 
acid and the omission of the copper purification step permits the 
quantitative isolation of histidine from small quantities of protein 
hydrolysates (Block, 101; Devine, 195). 

Lysine Losses: It is remarkable that in over forty years the esti- 
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mation of lysine has not been changed, except for very minor details 
since it was first proposed by Kossel and Kutscher (379). If the 
crude lysine picrate does not explode above 250° uncorrected, it is 
advisable (643) to recrystallize the picrate from water. The cor- 
rection for the solubility of lysine picrate in water at 21-22°C is 
5.4 mg. per ml. according to Lawrow (409) and at 0°C is 3.4 mg. 
per ml. according to Tristram (619). Theorell (605) points out that 
the solubility of lysine picrate may amount to as much as 16 per 
cent of the total lysine when small quantities of protein arc 
analyzed. 

A second and more indeterminable loss is that due to the solu- 
bility of lysine phospho tungstate. Van Slyke (630) estimated that 
lysine phosphotungstate was soluble in excess phosphotungstic 
acid in the presence of approximately N HCl to the extent of 1.3 
mg. per 100 ml., while Thimann (606) reported that 98 per cent of 
the pure base was precipitated from 10 ml. of 5 per cent H2SO4 by 
the addition of 3 ml. of 20 per cent phospho-24-timgstic acid when 
left at 0° over night. However, he points out that the actual cor- 
rection to be employed in any experiment will be considerabhj higher 
and will vary with the nitrogen content of the solution. Recently 
Van Slyke, Hiller, and MacFadyen (639) have reported that a 
simple solubility correction cannot be applied, but that the solubil- 
ity of the diamino phosphotungstates is a function of the quantity 
of the amino acid in question as well as the quantities of any other 
diamino acids which may be present. 

Dakin (191) reported that if 300 mg. portions of lysine in solu- 
tion, are treated with 15 per cent of AgNOa and N or 2 n NaOH are 
added alternately until a definite separation of brown silver oxide 
has occurred, 5 to 10 per cent of the base is found in the washed 
precipitate. It is unfortunate that this study was not extended to 
include the more usual AgN03-Ba(0H)2 precipitation according 
to Kossel. 

”OveralV^ Losses: In an effort to estimate the total loss, mechani- 
cal as well as solubility, Tristram (619) using mixtures of pure 
amino acids has advised the following corrections for the Kossel- 
Block procedure : 

Arginine 3,6 mg. per 100 ml. silver baryta solution +8-20 mg. 

Histidine 1-8 mg. ‘^o'^erall” loss +1 mg. 

Lysine 7-15 mg. “overall” loss 

Or a total correction for arginine of 19 to 31 mg., for histidine 2 to 
8 mg., and for lysine 7 to 15 mg. An added correction to account 
for the hydrolytic losses undergone by arginine and histidine has 
been given above. 
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Bolling and Block have ^advised the carrying out of a control 
analysis concurrently with each basic amiivo acid determination. 
The control consists of a mixture of the diamino acids, glycine, 
etc. and carbohydrate in approximately the same relative propor- 
tions of the bases to total nitrogen as is present in the protein under 
investigation. This permits the approximation of the “overall loss” 
as applied to a particular protein preparation. Some results which 
we have obtained by this procedure are summarized: 


Amino Acid — Carbohydrate Mixture 


Nitrogen 

Arginine Lo.ss 

Histidine Loss 

Lysine Loss 

per cent 

mg. 

mg. 

mg. 

7.0 

27.9 

6.4 

20.2 

7.9 

23.6 

14.9 

21.8 

8.0 

22.1 

15.7 

32.8 

11.0 

— 

— i 

20.6 

13.8 

14.7 

6.5 

16.0 

15.5 

21.1 • 

9.1 

12.9 

15.5 

17.7 

8.0 

10.4 

16.0 

6.G 

15.1 

15.3 


These results indicate that in the presence of large quantities of 
carbohydrates, the recovery of arginine and lysine is significantly 
less than in their absence. Thus we have used for protein prepara- 
tions which contain 12 per cent or more of nitrogen a correction for 
an “overall loss” of 18 mg. of arginine and 14 mg. of lysine. If they 
contain less than 12 per cent N, a correction of 28 mg. for arginine 
and 28 mg. for lysine w^as used. In agreement wuth Tristram (620), 
the loss of histidine does not appear to be so closely related to the 
quantity of carbohydrate present during the hydrolysis, but to 
other factors. The average histidine loss is in the order of 9 to 14 
mg. 

Knight (371) reported that the addition of small amounts of 
histidine to tobacco mosaic virus protein before hydrolysis resulted 
in a recovery of 36 and 64 per cent respectively. The destructive 
action of carbohydrates on histidine during hydrolysis is also il- 
lustrated by the finding of 0.4 per cent of histidine in Holmes^ rib- 
grass virus when the intact material was hydrolyzed and 0.6 per 
cent when the nucleic acid fraction was removed prior to hydrolysis. 
This confirms the earlier report of Block (c/, 101) on yeast proteins. 

The tacit assumption is made that the behavior of the free amino 
acid is the same as that of its analogue in the protein molecule. This 
is not always the case, but it is believed that such recovery experi- 
ments are preferable to none at all. 
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2 , The Separation of the Basic Amino Acids as a Group 

A, Precipitation with Phosphotungstic Acid {Hausmann, 284) 

Principle: The protein was hydrolyzed with concentrated HCl 
and the amide N (as NHs) was determined by distillation with 
magnesia. The residual hydrolysate was acidified with HCl and 
the bases were precipitated by an excess of phosphotungstic acid in 
dilute HCL After 24 hours, the precipitate was filtered off, washed 
with dilute reagent and the total diamino nitrogen was estimated 
by the Kjeldahl method. 

Comment: Kossel and Kutscher (379) used 20 per cent phospho- 
tungstic acid in 5 per cent (by weight) of H2SO4 while Mazur and 
Clarke (442) recommend 2 per cent of H2SO4. Winterstein (686) 
found that cystine was precipitated under these conditions. 

Cautious treatment of the hydrolysate with activated carbon 
(Darco S-51) results in much purer phosphotungstates with little 
or no loss of base. 

Although small quantities of amino acids other than the bases 
and cystine are now known to be precipitated by phosphotungstic 
acid, this procedure is often useful as a preliminary step in the 
determination of the diamino acids by more refined methods. 

Thimann (606) found that 92 per cent of arginine, '92 per cent of 
histidine, 98 per cent of lysine, and 11 per cent of proline were pre- 
cipitated from 10 ml. of 5 per cent H2SO4 at 0°. He states however, 
that the actual correction to be employed in any protein analysis 
will be considerably higher and will vary with the nitrogen con- 
tent of the solution. Theorell (605) working with small quantities 
of protein has found that the solubilities of arginine and histidine 
phosphotungstates account for 11 and 13 per cent of these diamino 
acids present in the protein. 

Van Slyke, Hiller, and Dillon (640) found that some excess of 
phosphotungstic acid is needed to depress the solubility of the 
diamino acid phosphotungstates to a minimum but variations be- 
tween 25 and 100 gm, per liter make little difference. They recom- 
mend the use of 2,5 gm. of phosphotungstic acid per gm. of protein 
hydrolyzed and an excess of 50 gm. of phosphotungstic acid per 
liter of solution. As stated before, the strength of the mineral acid, 
HCl, should be 0.25 n. 

Van Slyke et at. (640) found that while the maximum precipita- 
tion, at room temperature, of arginine and lysine was reached in a 
few hours, histidine and cystine required 48 hours. 

Contaminating impurities are removed by dissolving the phos- 
photungstate precipitate in the least quantity of n NaOH and re- 
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precipitating by adding sufl^cient HCI to neutralize the alkali and 
enough more to bring its concentration to 0i25N. Then, sufficient 
phosphotungstic acid to equal 50 gm. per liter is added and the 
precipitate is allowed to form at room temperature for 48 hours. 

Solubility corrections for the diamino acid phosphotungstates 
can be calculated from figures 1 and 2 taken from the paper of Van 
Slyke, Hiller, and Dillon (640) in the Journal of Biological Chemis- 
try. 


Figure 1 



Fia. 1. Efifect of temperature. on the solubilities of amino acid phosphotungstates 
in the presence of 0.25 n HCI. The curve for histidine is not valid when the molar 
sum of arginine and lysine precipitated exceeds the histidine. (From: Donald D. Van 
Slyke, Alma Hiller, and Robert T. Dillon: The Journal of Biological Chemistry t Vol. 
146 , No. 1 , November 1942.) ^ 
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Yi(s, “I. \fo\vi.mca oi is HCl avid auvoanta ot PTA, per g,m. o? protein, -which 
appear to gVve optvvnat condvtvona tor aeparatvonol the di amino horn the monoamVno 
acids in protein hydrolysates. (From Donald D. Van Slyke, Alma Hiller and Kob- 
ert T. Dillon: The J^ournfli 0 / Biological Chemistry, 146, 1, November 1942.) 


B. Phosphotungstic Acid Precipitation 
{Van Slyke, 630, 633, 634, 639) 

Principle: (a) iVmmonia is removed from the protein hydrolysate, 
(b) The diamino acids are precipitated by phospho-24-tungstic 
acid in dilute HCL (c) The phosphotungstic acid is removed by 
amyl alcohol and ether according to Winterstein (686) and Jacobs, 
(d) A portion of the amino acid solution is boiled with NaOH, only 
arginine and cystine liberate NH3. (e) Sulfur is determined in an 
aliquot of the solution. Cystine is calculated from the sulfur con- 
tent. (f) Total nitrogen, a-amino nitrogen, and e-amino nitrogen 
estimations then permit the calculation of histidine and lysine. 

Estimation of Amino Groups (628): Acetic acid reacts with 
NaN02 to yield 3H0N0^HN03+2N0-hH20. The nitrous oxide 
is used to wash the residual air out of the apparatus. The excess 
NO is taken up in alkaline KMn04 . CO2 is taken up by KOH. The 
amino acid is then added and the following reaction takes place 

RNH2+II0N0-^R0H-bH20TN2 

The volume of nitrogen is measured under known conditions in a 
gas burette. 
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a- Amino groups are decomposed in 5 minutes at room tempera- 
ture, the e-amino group of lysine requires 20 minutes shaking for 
complete deamination. 

Apparatus: Diagrams of the original and improved Van Slyke 
apparatus have appeared in the J ournal of ’Biological Chemistry, in 
texts on physiological chemistry and even in a number of com- 
mercial catalogues and will not be reproduced here. Folley (237) 
described an improved design in 1930. 

Reagents: Phospho-12-tungstic Acid. The commercial acid is 
purified by Winterstein's method (686). The phosphotungstic acid 
is dissolved in water and extracted with ether. The heavy ether 
layer, which settles below the water phase, is then washed several 
times with water. The ether is removed by evaporation on the steam 
bath (c/. 640). 

Amyl Alcohol. Van Slyke, Hiller, and Dillon (640) suggest the 
purification of commercial amyl alcohol by shaking the same with 
N HCl to remove the nitrogeiaous bases and then distilling the alco- 
hol under reduced pressure. 

Method; to’i olprotevn with. IQ to "iQ 

parts of 20 per cent HCl until the ratio of amino N to total N is 
maximal. It is advised to use a fared flask to permit the calculation 
of any loss of vapors. The excess HCl is removed by concentration 
in vacuo. 

2 . Amide N. A slight excess of Ca(OH )2 suspension is added and 
the NH 3 is removed by distillation in vacuo at 30°. 100 ml. of alcohol 
are used to reduce foaming and to facilitate the removal of am- 
monia. The NH 3 is caught in n/10 HCl and is determined by back 
titration. 

3. Humin N. The precipitate of Ca(OH )2 is removed and washed. 
A nitrogen determination gives humin N. 

4. Precipitation of Bases. The amino acid solution is neutralized 
with HCL Then 18 ml. of concentrated HCl followed by 15 gm. of 
phospho-24-tungstic acid in a little water are added. The solution is 
diluted to 200 ml. and heated on the steam bath to dissolve the 
precipitate. The flask is allowed to stand at room temperature for 
48 hrs. rather than 0° to decrease the precipitation of the mono- 
amino acids by phosphotungstic acid. The long period is required 
to complete the precipitation of histidine phosphotungstate. The 
precipitate is removed and is thoroughly washed with 2.5 per cent 
phosphotungstic acid in 3.5 per cent HCl. 

5. Decomposition of Phospho tungstates. The phosphotungstic 
acid precipitate is decomposed either by dissolving in a minimal 
quantity of NaOH and precipitating the phosphotungstic acid with 
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BaCU (630) or by extracting it with an amyl alcohol and ether mix- 
ture (633) from a suspension of the diamino acid phosphotungstates 
in dilute HCl. The basic amino acid solution is then brought to a 
convenient volume. 

6. Estimation of Arginine. 25 ml. of the solution are refluxed for 
6 hours with 12.5 gm, of KOH. At the end of this time the NHs is 
distilled into standard HCL The solution is diluted with 100 ml. of 
water. NHg — N.= | of arginine N. 

7. Estimation of Cystine. As cystine gives 17-18 per cent of its 
N as NHs during the arginine estimation it is important to know the 
quantity of this amino acid. This is determined by a Benedict- 
Denis sulfur method. 

8. Amino and Total Nitrogen. Estimations of a- and e-amino N 
carried out in the Van Slyke apparatus permit the calculation of 
histidine and lysine. 

Histidine = 1.5 Total Non Amino N- 1.125 Arginine N 
Lysine = T.N. — (Arginine N H- Cystine N -L Histidine N) 
or Lysine = 2 X e- Amino N 

Comments: Van Slyke (630) determined the solubility of arginine, 
histidine, and lysine phosphotungstates under the conditions of 
this method to be per 100 ml. : " 

Arginine N == 1.6 mg. or Arginine = 5 mg. 

Histidine N = 1.9 mg. or Histidine = 7 mg. 

Lysine N = 0.25 mg. or Lysine = 1.3 mg. 

In 1941 Van Slyke, Hiller, and MacFadyen (639) said that the 
diamino acids are precipitated as mixed salts and not as individual 
substances each with its own individual solubility. The effect on a 
given diamino acid present in small amount or forming a more solu- 
ble phosphotungstate than the average of the group, is to diminish 
the loss of such an amino acid below the loss that would be calcu- 
lated from the solubility of its isolated phosphotungstate. It is also 
suggested that the bases he precipitated at approximately 0.25 n 
HC l rather than in approximately n HCl as suggested in 1911 (c/. 
A above). 

Van Slyke (628) also showed that cystine gave 107 per cent of 
the expected quantity of nitrogen. This correction was therefore 
used until 1937 when Kendrick and Hanke (359) found that the 
use of 2 per cent KI in the acetic acid reduced the over production 
of N by cystine and by glycine to the expected -quantities. 

Plimmer and Rosedale (518, 520), in a careful discussion of the 
Van Slyke method, point out (1) histidine can also yield more or 
less NHs on heating with strong alkali, (2) it is immaterial whether 



ISOLATION AND SEPARATION 


31 


the phosphotungstates are precipitated at room temperature or 0°, 
(3) slight differences in NH 2 -N values make^reat differences in the 
final results^ (4) the solubility factors, which have little meaning in 
complex mixtures anyway, may be neglected as the method is 
chiefly comparative, and (5) ^‘the common practice of returning the 
data to two decimals is entirely misleading.” 

Improvements in the estimation of arginine have been made by 
Koehler (374) and in the general procedure by Narayana and 
Sreenivasaya (471) and by Cavett (151). It is obvious that any of 
the amino acids precipitated by phosphotungstic acid can be esti- 
mated by one or more of the specific gravimetric, colorimetric, or 
gasometric methods. It is often unnecessary to remove the phospho- 
tungstic acid, simple solution may suffice for further determinations. 

Van Slyke in 1915 (633) stated that the method was designed for 
use only with proteins not accompanied by other classes of sub- 
stances, particularly nitrogenous substances which would obvi- 
ously falsify the interpretal^on of the results. Unfortunately this 
advice has not alwiays been heeded and there are many estimations 
of arginine, histidine, and lysine in the literature, which as a con- 
sequence, have little value. 

(7. Separation of the Diamino Acids Electrolytically 
(27, 172, 182, 261, 393) 

Historical: Although the employment of electrodialysis for the 
separation of the diamino acids from the other components of a 
protein hydrolysate was disclosed as early as 1912 in a Japanese 
patent, the use of this procedure as a preliminary step in the 
quantitative estimation of arginine, histidine, and lysine appears 
to have originated with Kuhn and Desnuelle (393) in 1937. 

Apparatus: A three celled electrodialysis apparatus of 100 ml. 
capacity or larger is used with platinum or carbon anodes and Ft. 
cathodes. The contents of the middle chamber should be mechani- 
cally stirred. All three chambers are cooled by a stream of water 
passing through glass coils. Membranes are of cuprophan (393) or 
linen coated with 4 per cent HCHO hardened gelatin (anode) and 
parchment paper (cathode) (27), etc. The current used can be from 
110 to 220 V., 0-1 amp. The current is stabilized by passing through 
a 100 or 250 w. lamp which is connected* in series with the electro- 
lytes. The levels of the fluid in each cell must be the same. 

Method: 1. Removal of Mineral Acid (27). The protein is hydro- 
lyzed with 1 : 1 II Cl, diluted to 100 ml. and placed in the center 
compartment. A 7-8 hour electrolysis places the amino acids in the 
cathode chamber. The complete removal of the bases from the 
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center cell is ascertained by testing w,ith Sakaguchi or phospho- 
tungstic acid reagents and is indicated by a sudden drop in current 
(Albanese, 27). 

2. Separation of the Diamino Acids. The catholyte of the first 
electrolysis is brought to pvL 5. 6-5, 8 (brom cresol purple and methyl 
red) (27) or pH 6 (brom thymol blue) (261) placed in the middle 
compartment and again electrolyzed until the middle cell gives a 
negative Sakaguchi test (393). 

3. Determination of Arginine, Histidine, and Lysine. This is 
carried out by the Kossel, Van Slyke, or a combination of the 
specific tests for each of the diamino acids. 

Cominenis: Preliminary electrodialysis serves the useful purpose 
of separating the diamino acids from carbohydrate and nonbasic 
amino acid impurities, and in contrast to phospho tungstic acid 
precipitation, electrodialysis may be made quantitative. Electro- 
dialysis is especially useful in those hydrolysates which contain 
large quantities of proline which mak^s the isolation of lysine pic- 
rate very difficult and those which contain large amounts of 
carbohydrate breakdown products which may interfere with the 
isolation of arginine and in the precipitation of the diamino acid 
phosphotungstates. 

Gordon, Martin, and Synge (261) advise that the electrodialysis 
be repeated three times in order to separate completely the bases 
from the monoamino acids. These investigators as well as Kuhn and 
Desnuelle (393), Albanese (27) Csonka (182), and others have suc- 
cessfully used this procedure. ‘ 

D. Separation o/ the Biamino Acids hij Selective Adsorption 
(676, 107, 622) 

Historical: In 1923, J. C. Whitehorn published the interesting 
observation that the synthetic, zeolite, 'Termutit,” 2Si02, AI2O3, 
Na20-6n20, which Folin had used to remove ammonia from neu- 
tral aqueous solutions, would take up arginine, histidine, and lysine. 
The adsorbed bases could then be exchanged by treating the 
^TermutiP^ with saturated KCl. The following equation was pro- 
posed: 

(NH4CI) X (Na permutit) = K(NaCl) X (NH4 permutit) 

Although “Permutit'^ exchange should be a satisfactory method 
for removing the diamino acids and ammonia from the other prod- 
ucts of protein hydrolysis, it has not been widely used as a prelimi- 
nary step in amino acid analysis because of the need of a strong 
sodium or potassium chloride solution to remove the bases from the 
zeolite. To the authors’ knowledge, only in the case of Dubnoff’s 
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(199) modification of the Sakagnchi test (562) has base exchange 
on “Permutit^^ been satisfactorily used as a preliminary step in 
the determination of one of the diamino acids. This reagent may, 
however, prove more useful in the future. 

Activated earths such as fuller’s earth and Lloyd’s reagent have 
been widely used in the concentration of the basic vitamins of the 
B group since their introduction by Seidell. However, it was not 
until the recent paper by Turba (622) that these substances were 
proposed as a reagent for the quantitative separation and isolation 
of the diamino acids. 

3. Turba’s Method for the Isolation and Sefaration of the 
Basic Amino Acids (622) 

Reagents: Bleaching Earths: Filtrol-neutrol and Floridin XXF 
extra. 

Pyridine-Sulfuric Acid: 500 ml. of n H 2 SO 4 are mixed with 100 
ml. of pyridine and 400 ml. of water are added. 

Method: It is necessary to work rapidly and therefore a thin layer 
of the adsorbent should be used. 

1 . Separation of Histidine from the Monoamino Acids. 2 ml. of 
a solution containing 5 to 10 mg. of histidine and the same quantity 
of a monoamino acid, arc added slowly to a thin layer of 3 gm. of 
Filtrol-neutrol. The quantitative transfer is made with a few ml, 
of water. The adsorbed material is then thoroughly washed with 30 
to 60 ml. of H 2 O to remove the monoamino acids. The histidine can 
then be eluted with 80 ml. of pyridine-sulfuric acid mixture or with 
dilute Ba(OH) 2 . 

2 . Separation of Arginine and Histidine. A mixture of 20 mg. 
each of arginine and histidine are adsorbed on 12 gm. of Floridin 
XXF. The histidine is then washed out with 200 ml. of water dur- 
ing the course of 1 hour. The arginine is then eluted with pyridine- 
sulfuric acid mixture or Ba(OH) 2 J 

3. Separation of Arginine and Lysine. An aqueous solution con- 
taining 25 mg. of arginine and the same quantity of lysine is added 
to 25 gm. of filtrol-neutrol. The lysine is extracted with 200 ml. of 
m/6 KH2PO4 and the arginine is subsequently eluted with 100 ml. 
of C 6 nfiN-H 2 S 04 mixture. 

Comment: The possibilities for the use of specific adsorbents, 
synthetic zeolites, and especially synthetic base exchange resins for 
the separation and preparation of amino acids are only just being 
recognized. The recent publication of Block (107) has shown that 
the synthetic ion exchange resins may be used to remove com- 
pletely the diamino acids from solution. 
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PART II 

DIRECT DETERMINATION OF ARGININE 
1. Oxidation to Guanidine (Orglmeister, 487) 

Principle: The neutralized protein hydrolysate is oxidized with 
Ca(Mn 04 ) 2 . After removal of the precipitate, guanidine is isolated 
from the neutral solution by precipitation with sodium picrate. 

Comment: The results obtained by Orglmeister in 1905 are not 
much lower than those by more recent method>s. This procedure for 
arginine, although admitted by Orglmeister not to be as accurate 
as the Kossel methods, was much easier and faster to carry out. 
Only 4 gm. of protein were needed instead of 50 to 100 gm. by the 
Kossel procedure. 

As far as we know this is the earliest method for the quantitative 
estimation of an amino acid by an oxidative procedure although 
Schulze, Barbieri, and Bosshard (574) oxidized phenylalanine to 
phenylacetaldehyde for a qualitative confirmation of the presence 
of the former. 

2. The Diacetyl Reaction 
A. Harden-N orris Test (282) 

Principle: In 1911, Harden and Norris showed that arginine 
and certain other guanido compounds gave a red color with a 
green fluorescence when treated in dilute alkali with diacetyl, 
CH3COCOCH3, 

B. Langes Modification of the Harden-Norris Reaction (399) 

Principle: Acetylbenzoyl is used in place of diacetyl. Hydroxyl- 
amine is employed to remove the excess ketone. 

Method: 1. Hydrolysis. Hydrolyze 200 mg. of protein with 4 ml. 
of 20 per cent HCl for 20 hours. Dilute the solution to 5 ml. and 
remove the humin by shaking with kaolin. Use 1 ml. of the clear 
filtrate, which should contain from 0.2 to 0.8 mg. of arginine, per 
determination. 

2. Development of Color. To 1 ml. of hydrolysate add 1 ml. of 60 
per cent KOH and 0.2 ml.* of 1 per cent alcoholic solution of freshly 
prepared acetylbenzoyl. Warm for 15 minutes in boiling water. 
Cool and add 1 ml. of 5 per cent NHaOH-HCl and dilute to 10 ml. 
Read after 30 minutes with filter 530 mu. Extraneous colors are 
compensated for by using a ^‘blank’’ of all reagents except acetyl- 
benzoyl. 
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Comment: This method has been adversely criticized by Jean 
(317). 

3. Hydrolysis op Arginine to Ornithine and Urea 
A. Jansen^ s Procedure (316) 

Principle: In 1916, Jansen proposed the determination of 
arginine in a protein hydrolysate by a method which was based 
upon the production of urea by the action of arginase on arginine 
and then by the formation of ammonia from urea by urease. 

B, Bonot and Cahn^s Modification of Jansen^ s Method (114) 

Principle: Arginine is decomposed into urea and ornithine by 
arginase. The urea is determined quantitatively by xanthydrol. 

Reagents: Arginase. A dog is killed by exsanguination and the 
liver is perfused with Ringcr^s solution. The liver is ground with 
sand and the juice is expressed with an hydraulic press. The pro- 
teins are precipitated and washed with acetone. The precipitate is 
dried at 37®, ground, and preserved over H 2 SO 4 . The activity of the 
liver powder must be checked against arginine carbonate. 

Method: 1 . Hydrolysis. 1 to 3 gm. of protein are hydrolyzed for 
48 hrs. with ^0 per cent HCl. The hydrolysate is then autoclaved 
with 35 per cent HCl for 1 J hrs. The excess HCl is removed and the 
amino acids are decolorized with charcoal. The solution is adjusted 
to pH 9.9 with NaOH. 

2 . Hydrolysis of Arginine. An excess of liver powder is added to 
an aliquot of the protein hydrolysate and incubated at 37° for 72 
hours. Toluene is used as the preservative. The digest is weakly 
acidified with acetic acid and is evaporated to dryneiss at 60°. The 
residue is taken up in 70 per cent acetic acid and any precipitate is 
removed and washed. 

3. Precipitation of Urea. Twice the calculated quantity of 10 
per cent xanthydrol in methanol is added and the solution is allowed 
to stand 10 hours or longer. Dixanthydrylurea (Fosse, 241) is 
filtered off and washed with 50 ml. of methanol previously satu- 
rated with dixanthydrylurea and dried at 105°C. 

Arginine = 0,414 X weight of dixanthydrylurea 

*C. Graff Modification of the Jansen-Bonot Procedure (263) 

Reagents: Preparation of Xanthydrol. 25 gm. of xanthone are 
suspended in 200 ml. of ethanol. The ketone is reduced with 
mercury amalgam (0.9 gm. Na in 980 gm. of Hg) at 50 to 60°. It is 
shaken until the xanthone has dissolved and then 10 minutes 
longer. The solution is centrifuged and filtered through dry paper 
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into 2 liters of cold water. The precipitate is removed and washed 
with ice water until fre? of NaOH and dried in air. The xanthydrol 
is re crystallized from 100 ml. of absolute alcohol at —10'^. Yield 75 
per cent or 19 gm. 

TanreCs HgCb-KI Reagent. To 1.35 gm. of HgCh in 25 ml. of 
H 2 O, 3.32 gm. of KI in 25 ml. of H 2 O are added and the solution is 
diluted to 60 ml. Then 20 ml. of glacial acetic acid are added. 

Method: 1. Hydrolysis with Arginase. 5 to 10 ml. of a neutrahzed 
protein hydrolysate, pn 6 . 6 , are treated with 5 to 10 drops of argi- 
nase solution at 37° over night. The solutionis acidified with 3 drops 
of acetic acid and the proteins are precipitated with 5 to 10 drops 
of TanreCs reagent. The suspension is diluted to 12.5 ml. and 
centrifuged. 

2. Precipitation of Urea. A 5 or 10 ml. aliquot of this solution is 
stirred with an equal volume of acetic acid containing 10 drops of 
10 per cent xanthydrol in methanol. After 5 minutes, 1 per cent 
xanthydrol in acetic acid equal in volume to that taken for the de- 
termination is added while stirring for 30 minutes, the precipitate 
is filtered and washed wfith methanol and acetic acid saturated 
with dixanthydrylurea. 

Comment: The aliquot used should not contain more than 1.5 
mg. of urea. Kiech, Luck, and Smith (360) determined the di- 
xanthydrylurea by K 2 Cr 207 titration. 

D. Hunter and Daiiphinee’s Modification of the Jansen Method (313) 

Principle: Arginine is hydrolyzed to ornithine and urea by argi- 
nase and the urea is hydrolyzed to ammonia by urease. The NIL is 
determined by titration. 

Reagents: Arginase. Mix a weighed quantity of freshly ground 
ox or calf liver with 75 per cent glycerol equal in ml. to the weight 
of the tissue in gm. Shake 10 minutes. Place in a 62-65° water 
bath. Stir until the contents are at 58° and hold at this temperature 
for 5 minutes. Cool the suspension under the tap and filter on soft 
folded paper. After 12 hours, adjust the filtrate to pH 7 with NaOH. 
Determine the activity of the arginase solution. If the preparation 
contains deaminase, it is advisable to discard it rather than cor- 
recting for the same. 

One Arginase Unit is that quantity of liver solution which will 
liberate 0.5 mg. of urea N from 10 mg. of arginine N in 30 minutes 
at 37° and pH 8.4. A good preparation will contain 80 to 100 units 
per ml. Keep cold. Use 1 ml. 

Method: 1 . ‘ ^Blanks. It is necessary to run blank controls. Cor- 
rections must be applied for (a) ammonia and amide N of the pro- 
tein, (b) ammonia of the liver extract, (c) NH 3 from urease, (d) 
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NHs from urea of liver extract, (e) NH3 from deaminase in liver 
extract if such a preparation is used. • 

2. Hydrolysis. Hunter and Dauphin^e (313) found that the en- 
tire arginine content of gelatin becomes susceptible to arginase 
action after 3 hours hydrolysis with 20 per cent HCl and that 
longer boiling distinctly diminished the yield of arginine. There is 
an increase in ammonia formed in the hydrolysate the longer it is 
boiled. Therefore^ it is advisable to hydrolyze several samples for 
varying lengths of time, 5 to 24 hours, after which the HCl is re- 
moved by concentration in vacuo and the amino acid solution is 
neutralized to pH 6.7 with NaOH. The hydrolysate is diluted so 
that 5 cc. of solution contains 20 to 40 mg. of arginine. 

3. Action of Arginase. Four 5 ml. portions of the hydrolysate 
are treated in Van Slyke-Cullen urea tubes with 2 ml. of 0.25 m 
N a2P04+phenolphthalein+N' NaOH to light pink {pH 8.4). To 
each tube 1 ml. of arginase solution (liver extract) and a little 
toluene is added. The tubes incubated at 37° for 12 to 24 hours. 
A drop of phenol red is added and the pH is adjusted to 6.8. 

4. Action of Urease. One ml. of urease is added to two of the 
tubes and after standing for 1 hour, 9 ml, of saturated K2CO3 are 
introduced, and the NH3 is aerated as usual into standard acid. 
Caprylic alcohol is used to control the foaming. 

5. Amide Blank. This contains the hydrolysate, but no arginase. 
Urease is added and the NH3, after liberation, is aerated into 
standard acid. 

6. Enzyme Blank. One ml. of arginase solution is added to 3 ml. 
of H2O, the pH is adjusted to 6.8 and urease is added as before. The 
NH3 is determined. 

Comment: If the proteins yield much humin, this and the amide 
N can be removed by treating the neutralized hydrolysate with a 
slight excess of Ca(OH)2. 

Hunter and Dauphin6e (313) found that the quantity of arginine 
in phospho tungstic acid precipitates corresponded quite closely to 
that obtained directly if Van Slyke's solubility correction for argi- 
nine phosphotungstate was used. 

Limits of accuracy: arginase 98.5 per cent recovery, urease 99.4 
per cent recovery. 

E. Hunter and Pettigrew^ s Modification (314) 

Principle: Hunter and Pettigrew have reverted to Jansen^s 
original procedure in so far that they add arginase and urease 
simultaneously. Ammonia is then determined manometrically ac- 
cording to Peters and Van Slyke (516). 

Reagents: Urease. 100 ml. of glycerol extract of jack-bean meal 
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plus 2.5 ml. of phosphate buffer (27.8 gm. of Na2HPO4-|r27.0 gm. 
of KII 2 PO 4 in 100 ml. of water). 

Enzyme Mixture. 10 ml. of arginase solution (c/. Hunter and 
Dauphinee above) +4 ml. of ureaseH-75 per cent glycerol to 20 ml. 
This solution is allowed to age for 24 hours. 

Procedure : The enzyme mixture is allowed to react on the neutral- 
ized hydrolysate^ (pH 7), for 3 to. 12 hours at room temperature. 
Ammonia is then determined according to Van Slyke's manometric 
method. 

Comment: This procedure appears to be very accurate. The paper 
of Hunter and Pettigrew (314) should be examined for details, 

4. Precipitation of Arginine with Flavianic Acid 
A. The Method of Kossel and Gross (384, 386) 

Principle: In 1924, Kossel and Gross (384) found that arginine 
is quantitatively precipitated from a Aveakly acid protein hydroly- 
sate by the addition of a large excess of 2,4-dinitro-l-naphthol'7- 
sulfonic acid. 

Method: 1 gm. of protein is hydrolyzed with HCl or H2S04 and 
the reaction is adjusted to weakly acid to Congo paper (386). 
Arginine is precipitated by the addition of 4 equivalents of flavianic 
acid in concentrated aqueous solution. It is advisable to stir fre- 
quently during the first few hours. The precipitate is allowed to 
form in the cold for 2 or 3 days. The yellow precipitate is filtered 
off and washed with cold dilute flavianic acid. This precipitate is 
dissolved in hot water by the aid of a little dilute ammonia and is 
heated on the steam bath for 2 hours; total volume 100 to 150 ml. 
of water containing a small amount of flavianic acid. The arginine 
flavianate is filtered off after cooling for some time. The orange 
precipitate is washed with ice water, alcohol, and ether and is dried 
at 95 to 100° to constant weight. 

Comment: Kossel and Gross (384) claim that the yields of argi- 
nine determined by the direct method were higher than by the 
silver precipitation procedure. 


Arginine in Proteins 


Protein 

Direct Method 
per cent 

Silver-Baryta Method 
per cent 

Edestin 

12.4 

12.3, 12.7 

Gelatin 

8.2 

7. 2-8. 3 

Sal min 

44.2 

43.8,44.2 

Casein 

4.5 

4.7 

Arachin 

15.4 

14.5 



DIRECT DETERMINATION OF ARGININE 


39 


All proteins have been calculated to 16.0 per cent of nitrogen. Their 
results, presented above, do not however, 'give much support to 
this thesis. 

Arginine flavianate is soluble to the extent of 0.0177 per cent at 
and 0.57-0.58 per cent in boiling water. In the presence of 
excess flavianic acid, it is practically insoluble. 

Furth and Deutschberger (251) apparently failed to re dissolve 
the original yellow arginine precipitate and claimed that the pro- 
cedure of Kossel and Gross did not yield arginine flavianate of suf- 
ficient purity, especially from hydrolysates of tissue proteins. They, 
therefore, suggested a preliminary precipitation with phospho- 
tungstic acid and attempted to correct for the solubility of arginine 
phosphotungstate and other losses. 

* B. Vickery’s Modification of the Kossel-Gross Direct Method (656) 

Principle: Vickery (656) ishowed that the yellow precipitate of 
arginine with flavianic acid, which is formed in the cold, is arginine 
diflavianate. This is converted into arginine monoflavianate by 
heating with water. 

Method: 1. Hydrolysis. 20-25 gm. of protein are hydrolyzed with 
500 ml. of 2f) per cent HCl. The excess acid is removed by concen- 
tration in vacuo. The syrup is diluted to a convenient volume and 
the protein is calculated from a nitrogen determination. 

2. Decolorizing with Norite. The amino acid solution is boiled 
with 5 gm. of norite and the carbon is washed twice with boiling 
water. The filtrate is concentrated so that 50 ml. aliquots may be 
used for the precipitation. 

3. Precipitation of Arginine Diflavianate. To a 50 ml. aliquot con- 
taining 5 gm, of protein, 4 to 5 moles of flavianic acid are added at 
room temperature. The precipitate is allowed to form at ice box 
temperature for 4 days and stirred once each day. The yellow pre- 
cipitate is filtered on a crucible and w^ashed with 30 ml. of water 
saturated at room temperature with arginine flavianate. 

4. Precipitation of Arginine Monoflavianate. The diflavianate 
is stirred with a little hot water and 5 N NH4OH is added drop by 
drop until the precipitate has all dissolved. The suction is applied 
and the crucible is washed with water.’ The solution (40 ml.) is 
heated to boiling and n H 2 S 04 is added with stirring in slight excess 
of the ammonia used. The solution is chilled over night and the 
arginine flavianate is washed with water previously saturated with 
the salt, and with alcohol and ether. The precipitate is dried at 
105°, Arginine flavianate contains 6.56 per cent of sulfur. 
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Solubility of Arginine Monoflavianate in Water 
at 100° 575. « mg. per 100 ml. (Kossel-Gross) 
at 24° 20,0 mg. per 100 ml. (Vickery) 
at 19° 17.7 mg. per 100 ml. (Kossel-Gross) 
at 7.5° 11.8 mg. per 100 ml. (Vickery) 

Comment: In the presence of proteins which yield large quantities 
of histidine, the arginine flavianate may be contaminated with his- 
tidine diflavianate (659). 

5. The a-NAPHTHOL-HYPOCHLORITE REACTION 

Historical: In 1925, Sakaguchi (562) found that arginine and 
other unsubstituted and monosubstitute d guanidino compounds 
gave a red color when treated in alkaline solution with NaOCl and 
a-naphthol. This reaction is sensitive to one part in one million 
of arginine. 

A. Method of Sakaguchi (562, 563) 

Reagents: 5 per cent NaOCl is prepared by allowing 300 to 330 
ml. of HCl (sp. gr. 1.17) to drop on50gm. of KMn 04 . The resulting 
Cb is washed with H 2 O and passed into 1 liter of 10 per cent NaOH, 

a-Naphthol solution is made by dissolving 100 mg. in 100 ml. 
of 70 per cent ethanol. 

Method: Make 3 ml. of the arginine solution strongly alkaline 
with NaOIT. Add 2 drops of a-naphthol followed by 1 drop of 
NaOCl. The red color forms quickly. 

Comment: The test is good for qualitative work, but to obtain 
quantitative results it is necessary to vary the amounts of a-naph- 
thol and NaOCl until a maximum color is achieved. 

Sakaguchi formulated the reaction with guanidoacetic acid thus: 


^OCioHfiCl 

N 

I ^OCioH, 

C=NH 

I 

NHCH2COOH 

R. Weberns Modification (673) 

Principle: NaOBr is substituted for NaOCl and urea is used to 
destroy the excess NaOBr which makes the colored arginine com- 
pound unstable. 

Reagents: 0.02 per cent «-naphthol: dilute 20 ml of 0.1 per cent 
a-naphthol in 95 per cent ethanol to 100 ml. with water. 
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NaOBr: 2 gm. of bromide in 100 ml. of 5 per cent NaOH. Keep 
cold and dark. Prepare every two weeks, , 

Urea: 40 per cent. 

Method: To 5 ml of unknown (0.005 to 0.05 mg. of arginine) add 
1 ml. of 10 per cent NaOH and 1 ml. of a-naphthol. Cool 2-3 min- 
utes at 4°. Add 0.1 to 1.0 ml. of cold NaOBr, shake, and add 1 ml. 
of urea within 4 to 6 seconds of introducing the NaOBr. Read in 5 
minutes. 

Comment: It is necessary to determine by trial how much NaOBr 
must be added to get maximum color. Increments of 0.1 ml. are 
advised. The quantity of NaOBr depends on the kind and amounts 
of substances other than arginine which are present in solution. As 
the amount of color developed is not proportional to the quantity of 
arginine, it is necessary to have the volumes and concentration of 
the unknown and the standard closely similar. Once the color has 
been developed, the solution may be diluted with water, alcohol or 
1:4 glycerol-ethanol mixture (Dumazert and Poggi, 200). 

Weber reported the test to be sensitive to 0.0004 mg, of arginine 
per ml. while Jean (317) points out that the method is accurate 
over a range of 0.015 to 0.035 mg. of arginine only. 

Histidine, tyrosine, tryptophane, ammonia, metal salts, etc. in- ■ 
Mbit the reifction. 

Jorpes and Thoren (345), Dumazert and Poggi (200), Thomas, 
Ingalls, and Luck (607), Dubnoff (198, 199) and others have made 
minor modifications in the Sakaguchi- Weber procedure. These usu- 
ally consist in changes in the concentration of the reagents or in the 
time, temperature, and order of their addition. It has been proposed 
(127), that the inhibition due to ammonia and other substances can 
be compensated for by plotting the apparent arginine content found 
against the quantity of protein used for analysis. If the curve is 
extrapolated to ‘^zero^’ protein concentration, the ‘True’^ value 
of arginine is claimed to be obtained. This general procedure has 
been employed previously by Kraus-Ragins for tryptophane and 
by Bushill, Lampitt, and Baker in the estimation of cystine. 

C. Dubnoff^ s Modification (199) 

Principle: Arginine is freed from guanidoacetic acid and other 
substances by preliminary absorption on’Permutit (base exchange). 

Apparatus: Absorption column, a glass funnel, the upper part of 
which is 15 mm. external diameter, with a 100 mm. long stem of 7 
mm. diameter. The lower end of the stem is slightly constricted to 
hold a cotton plug. 0.9 gm. of Permutit '^according to Folin” are 
used. 
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Procedure: 5 ml. of solution are passed slowly through the Per- 
mutit which is washed ijuth 5 ml. of 0.3 per cent NaCi. The arginine 
is eluted with 10 ml. of 10 per cent NaCl. 

A 2 ml. aliquot of this solution is used for the determination of 
arginine by the Sakaguchi- Weber reaction. To 2 ml., 0.5 ml, of 
cold a-naphthol-urea (0,2 per cent a-naphthol in absolute alcohol 
diluted with 4 volumes of 10 per cent urea before use) solution are 
added. After standing for 2 minutes, 0.2 ml. of NaOBr (0.66 ml. 
of Bra in 100 ml, of 5 per cent NaOH) are added. The solution is 
allowed to stand 20 minutes at 0°. It is warmed quickly to room 
temperature and read with a 525 mu filter. 

Comment: Ammonia/ 60 mg. per cent; histidine, 5 mg, per cent; 
tyrosine, 8 mg. per cent; tryptophane, 8 mg, per cent; creatine, 20 
mg. per cent and urea, 2000 mg. per cent do not interfere. Higher 
amounts of histidine and tryptophane do. 

D. Macpherson's Modification (434) 

Principle: Repeated submaximal oxidation with NaOBr. 

Method: Dilute a solution containing 0.04 to 0.40 mg. of arginine 
to 10 ml. with Avater. Add KOH drop by drop to alkaline to litmus. 
■Then add 1 ml. of 10 per cent KOH and 1 ml. of 40 per cent urea. 
Mix and cool under the tap. Add 1 ml. of KOBr (2 grn. Br 2 in 100 
ml. of 5 per cent KOH), with mixing. Stand at room temperature 
2 to 3 minutes. Repeat the urea and KOBr additions as before. 
Dilute to 25 ml. with water. Stand at room temperature for 10 to 
15 minutes. Read with a 530 mu filter. 

Comment: This appears to be the simplest modification of the 
SakaguchhWeber method. However, no analytical results were 
given. A combination of Permutit absorption (Dubnoff) and Mac- 
pherson’s method may be the best application of the Sakaguchi 
reaction. 

The influence of hydrolysis on the quantity of an amino acid 
found in the hydrolysate cannot be stressed too often. Thus, Roche 
and Blanc-Jean (551) have confirmed the finding of Hunter and 
Dauphin^e (313), who used a different method, that the number of 
arginine groups decrease with increasing time of hydrolysis. Using 
the Sakaguchi-Dumazert method, the former investigators (551) 
report that from 15 to 35 per cent of the total guanido groups are 
lost after 24 hour hydrolysis with HCl. 
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PART III 

DIRECT DETERMINATION OF HISTIDINE 

1. The Diazo Reaction (Pauly) 

Historical: In 1904, Pauly (513) reported that of all the known 
amino acids which occur in protein hydrolysates only tyrosine and 
histidine give an intense red color when treated in alkaline solution 
with freshly diazotized sulfaniiic or similar acids. The test is sen- 
sitive to one part in 100,000. 

TRe ioWowing structures 'were proposed (514) : 

Tyrosine with diazotized arsanilic acid 


HOOC-CHCH2 


N:NC6H4As03H2 

>OH 


NH 2 “”^N:NC 6 H 4 As 03 H 2 


Histidine with diazotized arsanilic acid 


N:NC6H4As03H2 

N--C 


\ 

NH 


HOOC CH CHa C^C 

I 

NHa 


N:NCeH4As03H2 


A, Weiss and Ssobolew^s Modification of the Pauly Reaction^ 
1913 (674) 

Principle: The Pauly method is used in the absence of tyrosine, 
i.e, negative Millon’s test. The histidine may be precipitated by 
HgCb-NaaCOs at neutrality or by silver nitrate-barium hydroxide 
at weakly alkaline reaction (c/. Kosscl procedures). 

Reagents: Diazotized Sulfaniiic Acid, Mix 4 gm. of sulfaniiic acid 
with 40 ml. of concentrated HCl plus 400 ml. of water. Add 2 
volumes of 0.5 per cent NaNOa just before use. 

Procedure: To 10 ml. of histidine solution (1:10,000) add 1.5 
ml. of p-diazobenzene sulfonic-acid reagent and 3 ml. of 10 per cent 
NajCOs. Read at optimum color development. 
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B. Koessler and Ranke's Adaptation of the Pauly-Weiss Test 
, (375, 278, 279) 

Reagents: p-Diazobenzenc sulfonic acid: Pipette 1.5 ml. of sulf- 
anilic acid solution (Weiss and Ssobolew) and 1.5 ml. of 5 per cent 
NaNOz into a 50 ml. volumetric flask. Cool in ice 5 minutes and 
add 6 ml. more of NaN02. Mix well. Cool in ice 5 minutes longer. 
Dilute to 50 ml. Keep in ice bath. Age for 15 minutes after diluting. 

Method: lA. Hydrolysis with HCl (278). 1 gm. of protein is 
hydrolyzed with 20 per cent ITCl. The excess acid is removed by 
concentration in vacuo and the humin and NHa are removed with 
Ca(OH) 2 . The basic amino acids are precipitated with phospho- 
tungstic acid according to Van Slyke (630, c/. above). The precipi- 
tate is filtered off and washed with 200 ml. of solution containing 
18 ml. of 37 per cent HCl and 15 gm. of phospho-24-tungstic acid 
which has previously been saturated with histidine phosphotung-’ 
state. The washed precipitate is dissolved in dilute NaOH. 

IB. Hydrolysis with H 2 SO 4 (279). The protein is hydrolyzed with 
8 N H2SO4 and the excess acid is removed with baryta. Histidine 
is precipitated with Ag 2 S 04 and baryta according to the Kossel 
methods (c/. above) . The histidine silver precipitate is decomposed 
with hot dilute HCl. 

2. Coupling with Diazotized Sulfanilic Acid (375). '(1-X) ml. of 
H 2 O-I -5 ml. of 1.1 per cent Na 2 C 03 are pipetted into a reading tube 
or cuvette. 2 ml. of p-diazobenzene sulfanilic acid reagent are 
added. The time is measured to the exact second. After mixing for 
20 seconds, X ml. of unknowm are added exactly 60 seconds after 
the reagent has been introduced. The color is read at the maximum 
intensity, usually 6 seconds. 

Comments: The method is sensitive to 0.01 mg. of histidine. 

Under the conditions described above, Hanke and Koessler (278) 
found that histidine phosphotungstate was soluble to the extent 
of 28.6 mg. per liter. 

The test is interfered with by a large excess of both cystine and 
arginine. 

Jorpes (346) found that the Koessler-Hanke directions gave un- 
satisfactory results, that the color intensity was greatly influenced 
by the conditions of the reaction, and that the test is non-specific, 
being given by tyrosine,' phenols, guanine, adenine, imidazoles, 
sulfides, ammonium ions, etc. 

C, Jorpes' Modification of the Diazo Test (346) 

Method: To 1 ml. of histidine solution (0.005 to 0.05 mg. of his- 
tidine) add 2 ml. of Weiss-Ssobolew diazo reagent, wait 1 to 3 
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hours, then add 5 ml. of LI per cent NagCOa. Read in 4 to 8 minutes 
with a 500 mu filter. 

D. Langes Modification of the Pauly-Weiss Method (401) 

Principle: Histidine is separated from tyrosine by quantitative 
precipitation with HgCb. 

Reagents: Mercury Chloride. To 150 ml. saturated solution of 
HgCb add 70 gm. of sodium acetate and 10 gm. of NaCl (Hinsberg 
and Laszloteagent). 

Method: 1. Precipitation of Histidine, Neutralize 1 ml. of an HCl 
protein hydrolysate, containing 30 to 40 mg. of protein with satu- 
rated Na2C03, add 1 drop of n IICl, 1 ml. of HgCb reagent and 2 
ml. of 4 per cent NaBOa, mix, stand some time. Centrifuge and wash 
the precipitate. 

2. Estimation of Histidine. Dissolve the histidine mercury com- 
plex in 2 or 3 drops of 5 per cent NaCN and transfer the solution 
to a 50 ml. volumetric flask. Add 2 ml. of saturated NaaCOs and 
4 ml. of freshly prepared p-diazobenzene sulfonic acid reagent. 
Read using filter 530 mu. 

E. Maepherson^s Modification of the Pauly Reaction (434) 

Principle : *The sulfanilic acid is diazotized in the presence of his- 
tidine rather than separately. 

Method: To 0.01 to 0.20 mg. of histidine in 10 ml. of H2O add 
1 ml. of 1 per cent sulfanilic acid in 10 per cent by volume of HCl, 
1 ml. of 5 per cent NaN02, mix and stand at room temperature for 
30 minutes. Add 3 ml. of 30 per cent Na2C03, mix, add 10 ml. of 
alcohol, cool under the tap and dilute to 25 ml. with water. Read 
with 530 mu filter. 

Comment: This appears to be the best modification of the Pauly 
test. The histidine is separated from tyrosine and other substances 
by phosphotungstic acid (630, 639), AgN03-Ba(0H)2 (379, 86), 
HgCb-NaaCOa (378, 405, 242), etc. 

2. The Reaction of Histidine with Bromine (Knoop's Test) 

Historical: Knoop reported in 1908 (372) that when an aqueous 
solution of histidine or its salts is treated with a slight excess of 
bromine water and the solution is heated, it becomes first colorless, 
then reddish and finally dark wine red. After a while a dark amor- 
phous precipitate appears. If the solution is made alkaline the color 
remains and the precipitate does not form. Only imidazole thylani- 
ine of numerous histidine derivatives tried gave the color. The 
test is sensitive to 1 part per thousand. 
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A. Hunter^ s Modification of the Knoop Test 

Hunter (311) confirmed Knoop’s finding that an excess of bro- 
mine during the heating was harmful and removed it by CHCI3 
extraction. After bromination, the addition of ammonia gave a deep 
purple color. 

B. Kapeller-Adler's Adaptation of the Knoop-Hunter Reaction (351) 

Reagents: Bromine. 1 per cent by volume of bromine in 33 per 
cent acetic acid. 

Ammonia. 2 parts of concentrated NH4OH plus one part of 10 
per cent (NH 4 ) 2 C 03 . 

Method: 1. Hydrolysis. Two to 3 gm. of protein are hydrolyzed 
with 25 per cent H2SO4 for 20 hours. The excess acid is removed with 
Ba(OH) 2 . The filtrate and washings are concentrated to a conven- 
ient volume. A nitrogen determination on an aliquot of the hydrol- 
ysate is used to give the concentration of protein! 

2. Separation of Histidine. An aliquot of the above, equivalent 
to 500 to 1000 mg. of protein, is evaporated to a small volume. 
Sufficient alcohol is added'to incipient precipitation. Then one third 
the volume of ether is added and an excess of 10 per cent HgSO^ 
in 5 per cent H2SO4 (Deniges’ reagent) . After standing over night, 
the histidine mercury complex is filtered and washed with alcohol 
and ether. The precipitate is decomposed with H2O-HCI-H2S. The 
filtrate is evaporated to dryness and dissolved in 10 per cent 
H2SO4. 

3. Destruction of Tyrosine. To 1 or 2 ml. of the histidine solution 
(1 or 2 mg. of histidine), n/IO KMn 04 is added drop by drop to a 
faint pink. The solution is warmed gently to dissolve any Mn02. 

4. Bromination. Bromine reagent is added drop by drop until a 
permanent yellow color remains for 10 minutes. If it fades, a few 
drops more of bromine reagent are added. 

5. Development of Color. 2 ml. of ammonia reagent are added 
and the solution is placed in boiling water for 5 minutes, cooled and 
diluted with ammonia reagent to 10 ml The deep purple color is 
read with filter 500 mu (352). 

Comments: 1. Purification of Histidine. Woolley and Peterson 
(691) separate the histidine from the other components in the pro- 
tein hydrolysate by precipitation first with AgN 03 -Ba( 0 H )2 or 
IlgSOi in H 2 SO 4 and then with phospho-24-tungstic acid (c/, Kossel 
procedures above). 

Block (95) recommends carrying out the test on the histidine 
silver filtrate after removal of the excess reagents. 

2. Bromination. The most delicate part of the Knoop-Hunter 
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test is the quantity of bromine to add. If either too much or too 
little is introduced the results are erratic a^d low. Hunter (311) 
removed the excess bromine with chloroform. Foldes (227) added 
varying quantities of bromine reagent until there was an apparent 
excess which was confirmed with a few drops of starch-KI solution. 
If blue, 0.2 ml. less of reagent were added to a new solution. 

Woolley and Peterson (691) added an excess of bromine to the 
histidine solution, the excess is then removed by aeration before 
adding the NH4OH. 

Conrad and Berg (168) destroyed the excess bromine after 10 
minqtes at room temperature by a drop of saturated AS2O3 in 10 
per cent ammonia, while Langley (402) used 0.5 per. cent phenol for 
the same purpose. 

3. Development of Color. Racket (536) has abandoned Hunter’s 
use of ammonia. He added dry Na2C03 until the production of CO 2 
ceased in the warm solution. The color is read after the tube has 
stood 10 minutes at room temperature. 

Langley (402) introduced the bromine by aspirating in 1.5 ml. of 
a 1 per cent solution of Br2 in CHCI3. After renioving the excess 
bromine with 0.5 per cent phenol, 1 ml. of saturated sodium acetate 
solution is added and the color is developed at pn 4.5, by heating 
in a boiling v^ater bath for 1 minute in the dark. It is then cooled 
and diluted to 10 ml. with water. 

C. Plimmer and Phillips^ Modification of the Knoop Reaction (519) 

Principle: Standard bromine as KBr-NaBrOg is added to a tyro- 
sine-free histidine solution. The excess Br2 is titrated with KI- 
Na2S203. The results are erratic. 
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PART IV 

DIRECT DETERMINATION OF LYSINE 

1. The Ninhydrin Reaction (Ruhemann-Van Slyke) 

Historical: In 1912, Ruhemann (559) reported that when free 
amino acids are warmed in faintly acid or neutral solution with 
trike tohydrindene hydrate (ninhydrin), they are decomposed to 
yield CO2, NH3 and the next lower aldehyde. Glycine is an excep- 
tion to this rule and does not yield HCHO. 



A. The Procedure of Van Slyke, Dillon, MacFadyen, and Hamilton, 
(686, 637, 638) 

Principle: Lysine is precipitated by phospho-24-^,ungstic acid. 
After removal of the reagents, the quantity of lysine can be calcu- 
lated from the formula: 

Lysine N = 2X (Amino Nitrogen-Carboxyl Nitrogen) 
where Amino N is determined by the reaction with HONO 
and Carboxyl N is determined by the reaction with ninhydrin 

Apparatus: Carbon dioxide can be determined either in the well- 
known Van Slyke-Neill manometric gas analysis apparatus or 
more conveniently (638) in two 25 ml. Erlenmeyer flasks (one for 
the reaction, one for standard Ha (OH) 2 j without lips, which are 
connected to each other by means of a U-tube. The U-tube has a 
small side-arm which permits the entire apparatus to be evacuated 
(638). 

Reagents: Citrate buffers: pn 4.7: grind together 17.65 gm. 
Na3C6H507-2H20 and 8.40 gm. C6H807-H20 to a fine powder. 

:pH 2,5: grind together 2.06 gm. Na3C6H507 -2H20 and 19.15 gm. 

CeHaOr-HsO. 

Phosphoric Acid: pH 1 : mix 1 volume of H3PO4 (sp. gr. 1.72) with 
1.5 volumes of H2O. Titrate an aliquot of this dilute acid and adjust 
so that the strength is 6.0 ±0.1 M. 

Standard Ba(QII)2; 0.25 n: cold saturated Ba(OH)2 is adjusted 
to 0.3 N with COj-free water. 5 volumes of this solution are mixed 
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with 1 volume of 12 per cent BaCL prepared; of course, in COa-free 
H 2 O. The standard baryta should be titrated with n/7 IICl to pn 
8 with 1 drop of 1 per cent phenolphthalein as the indicator. 

Veronal buffer: pii 8: 10.3 gm. sodium veronal in 500 ml, of 
water. Mix 7 ml. of this solution wdth 4 ml, of n/ 14 HCl, add 
phenolphthalein. This is the color to which the Ba(OH )2 is titrated. 

Method: 1. Reaction of Hydrolysate. Adjust to faintly acid to 
brom phenol blue. 

2. Removal of Preformed CO 2 . To 1 to 5 ml. of solution in the 25 
ml. Erlenmeyer flask add 50 to 100 mg. of either pn 2.5 or 4.7 
citrate buffer and 1 drop of caprylic alcohol. Boil off preformed CO 2 . 
Stopper and cool to 15°. In the meantime remove CO 2 from titra- 
tion flask by a stream of C02-free air. Add 3 ml. of 0.25 N-Ba(OH )2 
to the titration flask. 

3. Oxidation. Add 50 to 100 mg. of ninhydrin to reaction flask. 
Connect to Ba(OH )2 flask by means of U-tube and rubber tubing. 
Make connections glass to glass. Evacuate at the water pump and 
immerse entire apparatus as far as the top of the U-tube in boiling 
water for 7 minutes or longer. 

4. Distillation of CO 2 . Cool the Ba(OII )2 flask in water but keep 
the reaction vessel at lOO"". Shake for 3 minutes to facilitate the 
distillation afld absorption of all CO 2 . 

5. Titration. Titrate Ba(OJI )2 with n/7 HCl from a 5 ml. burette 
using 1 drop of 1 per cent phenolphthalein as the indicator. Sub- 
tract reagent blank. 

1 ml. n/7 HCl-1 mg. of carboxyl nitrogen 

Comment: As far as we know, this method has not yet been Uvsed 
to determine lysine in protein hydrolysates. 

Van Slyke ei aL (b37) point out that isatin, 



in glacial acetic acid and chloramine T, CH3C6H4S02NClNa, at pn 

2.5 and up may be used in place of ninhydrin. The original papers 
should be consulted for experimental details. 

Christensen, West, and Dimick (161). find that lysine yields 

112.5 per cent of the expected CO 2 with ninhydrin at faintly acid 
reaction (KH2PO4 buffer). 

2. The Liberation of Free Amino Groups (Van Slyke-Lieben) 

Historical: Since Van Slyke showed in 1911 (628) that alpha 
amino groups react more rapidly with nitrous acid than does the 
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epsilon amino group of lysine and since numerous investigators in- 
cluding Van Slyke ar\d Birchard (632) pointed out the close con- 
nection between free amino groups in intact proteins and their 
lysine content, many efforts have been made to utilize these ob- 
servations for a simple method of determining lysine. The recent 
experiments of Lieben and Loo (420) appear to have achieved this 
goal. 

A, The Liberation of Amino Nitrogen from Intact Proteins 
{LiebeUj 420) 

Apparatus: The standard Van Slyke amino nitrogen apparatus 
with wide capillaries, to avoid obstruction by particles of protein, 
is employed. 

Method: 60 to 80 mg. of protein are stirred in a beaker with a few 
drops of water and then quickly dissolved in glacial acetic acid. The 
solution is washed into the Van Slyke apparatus which already 
contains glacial acetic acid, NaNOz, caprylic alcohol, etc. Readings 
are taken at 30, 60, and 90 minutes. 

Calculation: 

S- Amino N = S = C— 3(B— A) where 
A is mg. of amino N liberated in 30 minutes per 100 mg. of protein 
B is mg. of amino N liberated in 60 minutes per 100 mg. of protein 
C is mg. of amino N liberated in 90 minutes per 100 mg. of protein 

Lysine = 146 / 14 X S . 



CHAPTER I 


PART V 

DETERMINATION OF HYDROXYLYSINE 

Historical: The consistently higher values for “lysine” found by 
the Van Slyke nitrous acid method compared to those found by the 
Kossel isolation procedures (c/. Osborne, Van Slyke, et aL 505), 
suggested to Van Slyke the possibility that another basic amino 
acid was present in the phospho tungstate precipitate. This idea 
was substantiated by the isolation of hydroxylysine by Schryver, 
Buston, and Mukherjee (570) in 1925. 

A. Schryver^ s Isolation of Hydroxylysine by the Carbamate Method 

This is probably not a quantitative procedure and will only be 
described in substance. 

Method: 1. The protein is hydrolyzed with H2SO4. 

2. The amino acids are precipitated in alcoholic solution as the 
barium carbamates at 0° with Ba(OH)2 and CO2. 

3. Glycine ►and hydroxylysine barium carbamates are insoluble 
in ice water. These are separated from the others and are decom- 
posed by boiling water. Any BaCOH)^ is removed with CO2. 

4. Hydroxylysine is precipitated with phosphotungstic acid in 
5 per cent H2SO4 and further purified by precipitation with HgCU 
and Ba(OH)2 to slight alkaline reaction. The hydroxylysine was 
isolated as the picrate from the HgCb precipitate after removal of 
the reagents. 

Comment: This work has not been generally accepted. 

Determination of Hydroxylysine by Periodate Oxidation (639) 

Princijile: Hydroxylysine is precipitated with 5 to 8.5 per cent 
phosphotungstic acid in 0.25 n HCl. Hydroxylysine liberates 1 
mol of ammonia when treated in alkaline solution with periodic 
acid (Van Slyke, Hiller, and MacFadyen (639). 

Method: 1. Hydrolysis. 3 gm. of protein arc refluxed for 24 hours 
with 9 ml. of 6 N HCl. The excess acid is removed by concentration 
in vacuo and the ammonia and humin by Ca(OH)2 as usual. 

2. Precipitation with Phosphotungstic Acid. The ammonia-free 
protein hydrolysate is diluted to 300 ml, neutralized, and 6 ml. of 
concentrated HCl are added (i.e., approximately 0.25 n HCl). 25 
gm. of phospha-24-tungstic acid in a small quantity of 0.25 N HCl 
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are added to the hot solution and the precipitate is allowed to form 
at room temperature (23 to 25'’) for 48 hours. The precipitate is 
washed 5 times with *8 ml, portions of 5 per cent phosphotungstic 
acid in 0.25 N HCl. 

3. Reprecipitation with Phosphotungstic Acid. The washed pre- 
cipitate is dissolved by the aid of 2 n NaOH until the solution is 
neutral to alizarin red. The solution is diluted to 300 ml,, 6 ml. of 
concentrated HCl are added, the solution is heated and 15 gm. of 
phosphotungstic acid in a little 0.25 n HCl are added. After stand- 
ing at room temperature for 48 hours, the precipitate is washed 
with phosphotungstic acid, and dissolved in NaOH as before. 

4. Oxidation. To 5 ml, of the above filtrate, 1 ml. of 5 per cent 
glycine, 1 drop of capryhc alcohol, 1 ml. of 2 n NaOH, 2 ml. of 4.6 
per cent (0.2 m) HI04-2H20, and 10 ml. of saturated K2CO3 are 
added. The NH3 is aerated for 25 minutes into 2 per cent boric 
acid. 

5. Determination of Hydroxylysine. The ammonia is titrated 
with. standard HCl using methyl red-raethylene blue as the indica- 
tor. 

Comment: Van Slyke, Hiller, and MacFadyen (639) find that the 
diamino acids are precipitated as mixed salts and not as individual 
substances each with its own individual solubility. The effect on a 
given diamino acid in small amount or forming a more soluble 
phosphotungstate than the average of the group, is to diminish the 
loss of such an amino acid below the loss that would be calculated 
from the solubility of its isolated phosphotungstate. One cannot 
apply a simple solubility correction to hydroxylysine phospho- 
tungstate, but if the total diamino nitrogen is less than 10 per cent 
of the total nitrogen, then it is advisable to add sufficient arginine 
or lysine to bring the same to 15 or 20 per cent of the total N. 

It should be noted that the presence of sodium phosphotungstate 
does not interfere with the oxidation of hydroxylysine or with the 
distillation of the ammonia. 
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DETERMINATION OF CITRULLINE 

A, Vearon^s Diacetyl Method {217) 

Principle: Diacetyl, CHsCOCOCHa, in strong acid solution does 
not give a color with arginine and other guanidine derivatives (c/. 
Harden-Norris reaction above) but does with citrulline and sub- 
stituted ureas (217). 

Citrulline NH 2 CONHCH 2 CH 2 CH 2 CHNH 2 COOH 

Method: A small quantity of protein is dissolved in 2 ml. of dilute 
HCl, 4 ml. of concentrated HCl and 3 to 5 drops of 3 per cent aque- 
ous diacetyl monoxime are added. The solution is boiled for 
30 seconds, cooled 2 minutes, and 1 to 3 drops of 1 per cent K 2 S 2 O 8 
are added. A carmine color is developed especially on gentle 
warming. 

Comment: As tryptophane plus carbohydrate will give a Molisch 
reaction under these conditions, one or the other will have to be 
absent. ' 

Sensitivity 0.01 to 0.2 per cent citrulline. 

R. Gornall and H^inter's Modification of the Fearon Ted {262) 

Method: To 7 ml. of unknown (0.05 to 0,07 mg. of citrulline) add 
4 ml. of concentrated HCl (sp. gr. 1,18-1.19) and 0.5 ml. of 3 per 
cent diacetylmonoxime. Place in a gently boiling water bath to the 
level of the liquid in the tubes for 9 minutes. Use funnels as con- 
deasers. Remove tubes and cool for 6 minutes. Add 1 drop of 1 per 
cent K 2 S 2 O 8 and read the maximum color in an Evelyn type colorim- 
eter with filter 490 mu. When the galvanometer becomes sta- 
tionary add a second drop of K 2 S 2 O 8 . If this produces a further in- 
crease in color add a 3rd drop. 

Comment: The intensity of the color is a function of the concen- 
tration of all reagents, time of heating, etc. 

Urea, allantoine, substituted ureas, etc. interfere. 


53 



CHAPTER 1 


PART VII 

DIAMINO ACIDS IN PROTEINS 

All values given in the following tables have been calculated to 
16.0 per cent of nitrogen. In those cases, where nitrogen values are 
not given by the authors, the amino acid values were recalculated 
using a value of N which is given in parenthesis. If the investigator 
reported the data in amino acid nitrogen as per cent of total 
nitrogen, then the results have been recalculated to 16.0 per cent 
of nitrogen, but no value for N is given in the tables. The data in the 
tables can thus be easily recalculated to amino acid N in per cent 
of total N if the reader wishes. 

Although this procedure may have introduced errors in certain 
cases, it is believed that the advantages outweigh the disadvantages 
especially when the figures are to be used for comparative purposes 
in nutritional investigations. 

Our own published and unpublished results have been recalcu- 
lated to 16.0 per cent of N and corrected, wherever justified, for the 
following ‘‘overall losses’^ : t 

If the N of the preparation analyzed was below 12 per cent, then 
28 mg. of arginine, 12 mg. of histidine, and 28 mg. of lysine were 
added to the quantities actually isolated. 

If the N of the preparation analyzed was above 12 per cent, then 
corrections of 18 mg. of arginine, 9 mg, of histidine, and 14 mg. of 
lysine were used. 

As we have not determined the “overall losses^’ for quantities of 
protein over 2.5 gm., the above corrections were used only when 
2.5 gm. or less of protein were hydrolyzed. If more than 2.5 gm. of 
protein were analyzed, only the arginine was corrected by the Gule- 
wutsch factor (270). 

The data in the tables are self explanatory, but a few brief com- 
ments may be in order. Those figures designated “Best Values’' 
are indicated purely for the reader’s convenience and represent 
only the authors’ personal opinions. The mean values have been 
calculated with twice the standard error (2XS.E.) as follows: 


S.E. 

S.D. 


S.D. 

Vn 



~ ^2 


~ 1 
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where 

= the sum of the squares of the observations 
N = the number of observations 
= the square of the mean 
S.D. = the standard deviation 
S.E. = the standard error. 

In a few instances, values which were added to the tables after 
the calculation of the means were not included therein for obvious 
reasons. 

ALBUMINOIDS 
Basic Amino Acids in Gelalin 


Calculated to 10.0 gm. N. 


METHOD 

REFEKENCB 

NITKO- 

GEN 

NINK 

HISTI- 

DINE 

LYSINE 




per cent 

gm. 

gm. 

gm. 


Electrolytic-Kossel 

Albancae 27 

16.1 

5.7 

1.2 

3.6 

Lysine from N only 

Electrolytic-Kossel 

Albatiese 27 

15.2 

5.8 

0.7 

5.3 

Lysine from N only 

Kossel'Block 

unpublished 

14.7 

8.2 

0.7 


Difco 

Koascl-Block 

unpublished 

16.6 

7.2 

0.3 

4.3 

Pork Skin-Wilson 

Kosscl-Block 

unpublished 

16.0 

7.9 

1.0 

4.5 

Bone-Wilson 

Kosscl-Rluck 

unpublished 

15.4 

7.7 

0.8 

4.3 

Coignct 

Van Slyke 

Dakin 185 

18,0 

7.3 

0.8 

5.2 


Kossel-Furtli 

Forth 251 

17.0 

9.1 




Kossel-Gross 

¥'urth 251 

17.0 

7.7 




Jansen-Graff 

Graff 263 


7.8 




Fauly-Koessler 

Hanke 280 

(16.0) 


0.5 



KosBcl-KutBcher 

Hart 283 

16.0 

7.6 

0.4 

2.8 


Janaen-Hunter 

Hunter 313 


7.8 




Jansen-Hunter 

Hunter 314 


7.8 




Kossel-Kutscher 

Kossel 379 

(16.0) 

9.3 



from N only 

Kossel-Gross 

Kossel 384 


8.2 




Van Slyke 

Narayana 471 


7.9 

1.6 

3.4 


Sakaguchi 

Sakaguchi 563 


7.6 




Van Slyke 

Van Slyke 631 


7.3 

2.6 

5.3 


Van Slyke 

Van Slyke 639 





0.7 to 0,8 per cent 

HO - lysine 

Koasel-Vickery 

Vickery 656 

18.3 

7.6 



direct method 

Lieben-Loo 

T.ieben 420 

15.9 



4.7 


"Beat Values” 


18.0 

8.0 

0.8 

4.5 


Mean 



7.6 + 0. 1 

l.OiO.l 

4.3±0.2 

with 2 XS.E. 


albuminoids 

Basic Amino Acids in Elaslins, Collagens, and Rdaled Prdeins 

Calculated to 16.0 gm. N. 


PROTEIN 

I METHOD 

REFERENCE 

NITRO- 

GEN 

ARGI- 

NINE 

HISTI- 

DINE 

LYSINE 


Elaatin 

Lens 

Neurogelatin 
Fish gelatin 
Fish gelatin 

Kossel -Block 

Kossel-Kutscher 

Kossel-BInck 

Kossel-Block 

Schryver 

stein 586 

Hijikata 298 

unpublished 
unpublished 
Schryver 570 

per cent 
i 17 1 
’ (16.0) 

1 14.7 

1 11.8 

gm. 

0.9 

3.3 
7.8 

5.4 

3 , 1 per ( 

gm. 

0.0 

1.6 

1.5 

2.6 

*nt hydro 

gm. 

7 

1.6 
5.4 
4.1 ' 
xylysine 

“Stick” 
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COMMENTS — ALBUMINOIDS 

e 

Gelatin: The variations in the basic amino acids in the gelatins 
are due, in part, to actual differences in composition and probably 
not entirely to experimental errors. 

Elasiin: This protein is almost completely lacking in the basic 
amino acids. 

Fish gelatin or “Stick water’^ appears to be richer in histidine 
than the common animal gelatins. It is probably even more hetero- 
geneous in composition than gelatin. 

animal proteins 

Diamino Acids in Entire Animals 


Calculated to 16.0 gm. N. 


ANIMAL 

METHOD 

REFERENCE 

NITRO- 

GEN 

ARGI- 

NINE 

HiaTi- 

DINE 

LTBCNE 




1 

1 per cent 

1 gm. 

1 gm. 

1 gm. 

1 

Rat 1 

Kossel-BIock 

Block 87 1 

15.2 

6.1 1 

1 

5.2 


Rat 

Koaael-Block 

unpublished 

13.3 

8,2 

2,8 

6.1 

1 to 2 days old 

Rat 

Kossel-Block 

unpublished 

12.2 

7.1 

2.3 

6.5 

23 days old 

Rat 

Koasel-Block 

unpublished 

13.4 

7.1 

1.8 

5.6 

100 days old 

Rat 

Kossel-Block 

unpublished 

12.2 

7.3 

1.7 

6.5 

540 days old 

Guinea pig 

Kossel-BIock 

Block 87 

12.6 

6.7 


5.6 


Chicken 

Van Slyke 

Patton 512 


5* 

4* 

9* 


Chicken 

Kossel-Calvery 

Calvery 141 

(15.0) 

5.8 

1-4 

6.6 

Embryo 

“Best Values 

- 


16.0 

7.0 

2.2 

6.2 


Mean with 2XS.E, 



6. 6 + 0. 4 

2.0 

6.010.3 



* Omitted from Mean. 


COMMENTS ON ANIMAL PKOTEINS 

The analysis of whole animals indicates that they contain ap- 
proximately 7 per cent of arginine, over 2 per cent of histidine, and 
6 per cent of lysine. Therefore, it is logical to assume that for the 
rapidly growing animal, the protein mixture to be fed should con- 
tain these three amino acids in approximately this proportion. This 
is especially true in the case of histidine and lysine as these do not 
appear to be synthesized by mammals even at a slow rate. 
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BLOOD PROTEINS 
Dis!biino Acida in Fibrin 


Calculated to 16.0 gm. N. 


SOURCE 

MBTBOD 

REFERENCE 

NITRO- 

GEN 

ARGI- 

NINE 

HISTI- 

DINE 

LYSINE 






per cent 

gm. 

gm. 

gm. 


Beef 

Koasel-Vickery 

Vickery 

656 

16.8 

7.8 



direct 

Beef 

Paxjly-Koessler 

Hanke 

280 

(17.6) 


1.9 



Beef 

Sakagucbi, Pauly 

Jorpes 

344 

16.8. 

7.6 

2.1 



Beef 

Knoop'Kapeller 

KapeUer-Adler 351 

(17.5) 


3.2 



Beef(?) 

Janaen-Hunter 

Hunter 

313 


7,1 




Beef(7) 

Sakaguchi 

Sakagucbi 

563 


6.9 




Beef{?) 

Von Slyke 

Van Slyke 

630 


6.9 

2.8 

9.7 


Beef 

Eiectrolytic-Koasel 

Albanese 

27 

15.2 

7.0 

2.2 

6.0 

Lysine by N. 

Beef 

Kossel’Vickery 

Bergmann 

66 

17.7 

6.7 

2.3 

9.0 

corrected 

Beef 

KoBsel-FOrth 

FQrth 

251 

(17.5) 

6.3 




Sheep 

Pauly-Koessler 

Hanke 

280 

(17.6) 


2.0 



Swine 

Pauly-Koessler 

Hanke 

280 

(17.5) 


2.1 



Horse 

Kossel-Kutscher 

Lock 

422 


4.7 

1 2.2 

5.4 


“Best V 

alues” 



1 17.0 

7.8 

2.4 



Mean with 2XS.E. 




6.8i0.6 

2.3±0.2 

7,. 



BLOOD PROTEINS 
Diamino Acids in Hemoglobins 


Calculated to 16.0 gm. N. 





1 

NITRO- 

ARGI- 

HISTI- 

LYSINE 


animal 

METHOD 

REFERENCE 

GEN 

NINE 

DINE 






per cent 

gm. 

gra. 

gm. 


Horse 

Kossel-BIock 

Block 

84 

16.7 

3.5 

7.7 

8.2 


Horse 

Electrolytic-Kossel 

Albanese 

27 

13.4 

3.5 

8.5 

5.9 

Lysine by N. 

Horae 

Koasel-Vickery 

Vickery 

645 

16.7 

3.2 

7.3 

7.7 

direct method 

Horse 

Kossel-Vickery 

Vickery 

656 

10.7 

3.4 



Horse 

Koasel-Vickery 

Vickery 

659 

16.7 

3.4 

7.3 


direct method 

Horse 

Sakaguchi, Pauly 

Jorpes 

344 

16.8 

3.2 

7.4 



Horse 

Knoop-Kapeller 

Kapeller-Adler 351 

(16.8) 


7.1 



Horse 

Kossel-FQrth 

FUrth 

251 

(16.8) 

4.2 




Horse 

Pauly-Koeasler 

Hanke 

278 ? 

(16.8) 


8.4 



Horse 

Van Slyke 

Hunter 

312 

16.9 

3.9 

7.3 

9.1 ' 


“Best V 

aluea' ' 



16.7 

3.5 

7.4 



Mean with 2 XS.E. 




3.5±0.3 

7.6±0.4 

7.7 


Sheep 

Kossel-Vickery 

Vickery 

659 

16.9 

3.7 

7.0* 

7.9 

direct method 

Sheep 

Eossel-Block 

Block 

84 

16.8 

3.9* 

7.3 


Sheep 

Pauly-Koessler 

Hanke 

278 

(16.8) 


8.4 

7.5* 


Beef 

Kossel-Vickery 

Bergmann 

67 

17.0 

2.9 

7.0 


Beef 

Pauly-Koessler 

Hanke 

278 

(16.8) 


7.5* 

9.2 


Beef 

Van Slyke 

Van Slyke 

630 


3.8 

7.6 


Dog 

Kosael Block 

Block 

84 

16.4 

VO 

7.4 

8.5 


Cat 

Pauly-Koessler 

Hanke 

278 

(16.5) 


8.3 


direct method 

Human 

Kossel-Vickery 

Vickery 

659 

17.0 

4.0 

7.6 


Turtle 

Kossel-BIock 

unpublished 


15.5 

2.8 

4.6 




* "Best Values.” 
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BLOOD PROTEINS 
Diamino Acida in Glibins 


Calculated to 16.0 gm. N. 


ANIMAL 

METHOD 

REFEBUNCB 

NITRO- 

GEN 

AHOI- 

NINE 

HIBTI- 

UINE 

LY8INB 






per cent 

gm. 

gm. 

gm. 

j 

Beef 

Van Slyke, Pauly 

Roche 

550 

16.6 

3.3 

I 7.5 

8.2 

Sakaguchi 

Beef 

Sakaguohi-Duniazert : 

Dumazert 

200 


3.6 




Horse 1 

Van Slyke, Pauly 

Roche 

550 

16.8 1 

3.4 

! 7.6 

7.6 

Sakaguchi 

Hor8e(?) 

Jansen-Hunter 

Hunter 

313 


3.8 




Dog 

Van Slyke, Pauly 

Roche 

550 

16.6 i 

3.3 

8.0 

8.0 

Sakaguchi 

Guinea Pig 

Van Slyke, Pauly 

Roche 

550 

16.7 1 

3.3 

8.5 

8.9 

Sakaguchi 

Human 

Van Slyke, Pauly 

Roche 

550 

16.7 1 

3.3 

8.2 

8.8 

Sakaguchi 

Human 

: Kossel-Block 

unpublished 


16.2 i 

3.4 

7.4 



Rabbit 

Van Slyke, Pauly 

Roche 

550 

16, C 

3.3 

8.3 

8.4 

Sakaguchi 

Sheep 

Van Slyke, Pauly 

Roche 

550 

16.8 

3.4 

7.6 

, 8.0 

Sakaguchi 

Sheep 

Van Slyke, Pauly 

Roche 

550 

16.3 

3.4 

7.7 

8.5 

Sakaguchi 

"Best Valu^ 

:a" 



16.7 

3.4 

8.0 

8.0 


Mean with 2XS.E, j 




3. 4 + 0.1 

7. 9 + 0. 3 

8.3 + 0. 3 



BLOOD PROTEINS 
Diamino Acids in Serum Albumins 


Calculated to 16.0 gm. N. 


ANIMAL 

METHOD 

HBFERENCB 

NlTHt>- 

GEN 

ARGI- 

NINE 

HISTI- 

DINE 

LYSINE 






per cent 

gm. 

gm. 

gm. 


Beef 

Kossel-Block 

unpublished 

15.7 

5,7 

3.0 

7.6 

1;4 3m POi buffer 

Beef ! 

Kossel-Block 

unpublished 

14.7 

5.3 

3.0 

7.2 

i sat. (NHdiSO* 

Beef 

Kossel-Block 

Block 

81 

14.4 

5.2 

2.4 

10.4 

i sat. (NHdiSO* 

Beef 

Kossel-Block ! 

1 Block 

81 

14.4 

5.7 

2.4 

10.3 

i sat. (NH0,SO, 

Beef 

Sakaguchi 

Sakaguchi 

563 


5.1 




Human 

Kossel-Elock 

Miurili 

469 

13.5 

5.3 

2.6 

10.4 


Human 

Hardeti-Lang 

Lang 

399 i 

(16.0) 

4.1 




Human 

Pauly-Lang 

Lang 

401 



2.8 



Human 

Van Slyke i 

Cavett 

153 


6.2 


14.6 


Human 

Sakaguchi 

Brand 

127 

(18.0) 

6.3 




Horae 

Kossel-Kutacher 

Lock 

422 


4.6 

2.6 

8.3 

Crystalline 

Horse 

Sakaguchi 

Brand 

127 

(16.0) 

6.5 



i 

"Best Vi 

alues" 



15.8 

5.5 

2.8 

10.0 


Mean with 2 XS.E. 




o 

-H 

2. 7 + 0. 2 

9. 8+1. 9 
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BLOOD PROTEINS 
Diamintf Acids in Serum Globutim 


Calculated A 16 0 gm. N. 


animal 

METHOD 

BBFBBBNCE 

NITHO- 

GBN 

AROr- 

NINB 

HIBTI- 

DINM 

LYSl NB 





! 

per cent 

gm. 

gm. 

gm. 


Beef 

Kossel- Block 

unpublished 

14.2 

5.3 

2.3* 

6.1 

1 :4 3m POi buffer 

Beef 

Kosael-Block 

unpublished 

14.1 

5.0 

2,7 

5.8 

1 sat. (NH,)zSO. 

Beef 

Kossel-Block 

Block 

81 

14.2 

5.G 


7.0 

\ sat. (NH,),SOi 

Beef 

Kossel-Block 

Block 

81 

14.2 

5.8 


6.9 

1 sat, (NH.),S04 

Beef 

Sakaguchi 

Sakaguchi 563 


5.0 




Huinan 

Kossel-Block 

Murrill 

469 

14.0 

4.7 

2.3 

7,0 


Human 

Harden-Lang 

Lang 

399 

(16.0) 

4.2 




Human 

Van Slyke 

Cavett 

153 1 

16.0 

5.4 

1.4 

10.9 

paeudo 

Horse 

Sakaguchi, Pauly 

Jorpes 

341 

15.5 

5.7 

2,2 



Horse 

Kossei-Kutscher 

Lock 

422 


3.8 

1.4 

5.2 


Horse 

Kossel-Calvery 

Caivery 

144 

16.0 

5.7 

1.1 

4.9 

Pneumococcus- 

Horse 

Kossel-Calvery 

Cal very 

145 

(16.0) 

5.0 

1.0 

5.4 

precipitates 

Dog 

Sakaguchi-Thomas 

Thomas 

607 

(16.0) 

6.4 




“Best V 

alues" 



16.0 

5.3 

2.4 

6.5 


Mean with 2 XS.E. 




j5.2±0.4jl.8±0.5j6.6+1.2 



BLOOD PROTEINS 
Diamino Acids in Human Serum Prolcin/t 


Calculated to 16.0 gm. N. 


METHOD 

* REFERENCE 

NITROGEN 

arginine 

HISTIDINE 

LYSINE 




per cent 

gm. 

gm. 

gm. 

Kossel-Block 

Block 

105 

14.7 

5.0 

2.3 

6.7 

Kossel-Block 

Block 

105 

15.9 

5.1 

2,6 

6.7 

Kossel-Block 

Block 

105 

15.0 

5.8 

3.1 

7.3 

Kossel-Block 

Block 

105 

15.0 

5.5 

2.6 

7.3 

Kossel-Block 

Block 

102 

15.2 

5.7 

2.5 

7.6 

Kossel-Block 

Block 

102 

15.2 

6.4 

2.6 

7.1 

Kossel-Block 

Block 

102 

15.0 

5.5 

2.7 

6.8 

Kossel-Block 

Block 

102 

14.9 

5.1 

2.6 

7.4 

Kossel-Block 

Block 

102 

14.3 

5.5 

3.1 

7.6 

Kossel-Block 

Block 

102 

14.9 

5.3 

2.8 

9.0 

Kossel-Block 

Block 

102 

14.9 

5.9 

2,6 

6.9 

Kossel-Block 

Block 

102 

14.9 

5.6 

2.7 

7.1 

Kossel-Block 

Block 

82 

14.1 

5.6 


7.6 

Kossel-Block 

Block 

82 

14.1 

6.8 


8.4 

Kossel-Block 

Murrill 469 

14.3 

6.2 

2.5 

9.6 

“Best Values” 



15.2 

5.6 

2.6 


Mean with 2 XS.E, 




5.5±0.3 

2.64:0,1 

7.5±0.5 
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BLOOD PROTEINS 

Diamino Acids in Human Pathological Serum and Urine Proteins 


Calculated to 16.0 gm. N. 


FBOTElir 

METBOD 

HEFEnENCB 

1 

; NITBO- 

OZN 

ABOl- 

NINZ 

: HISTI- 
DINE 

1 

' LTSIKZ 





82 1 

par cent ■ 

gm. 

gm. 

gm. 


Serum 

Kossel-Block 

' Block 


IS. 2 

5.6 


6.4 

Nephrosis 

Serum 

Koasel-Block 

■Murrill 

469 : 

14.7 

6.2 

2.6 

9.6 

Nephritic 

Serum 

Kossel-Block 

unpublished 

14.1 

5.2 

2.2 

6.7 

Myeloma 

Urine 

Koseel-Block 

Block 

82 

14.6 

5.5 


8,1 

Nephrosis 

Urine | 

Kossel-Block 

Murrill 

469 I 

16.1 ; 

6.6 

2,5 

10.4 

Nephritic 

Urine 

Van Slyke 

Cavett 

153 j 


6.0 

0.9 

13.9 

Albumin 

Urine 

Van Slyke 

Cavett 

153 


6.3 

1.5 

9.2 

Globulin 

Urine 

Kossel-Block 

Devine 

195 

14.7 

3.9 

1.0 

4.4 

Bence-Jones 

Urine 

Kossel-Calvery 

Calvery 

143 

18.1 

6.2 

1.2 

7.0 

Bence-Jones 

Urine 

Eossel-Kutscher 

Hopkins 

308 

16.2 

6.0 

0.8 

3.7 

Bence-Jones 


BLOOD PROTEINS 
Diamino Acids in Dog Serum and Plasma 


Calculated to 16.0 gm. N. 


" BIZTHOD 

REFERENCE 

NITROGEN 

ARQININE 

HISTIDINE 

LTSINE 




per cent 

gm. 

gm. 

gm. 

Kossel-Block 

Murrill 

470 , 

12.2 

* 5.8 

1.8 

9.1 

Koasel-Block 

Murrill 

470 

11.6 

5.8 

1.9 ^ 

8.9 

Kosaell-BLock 

Murrill 

470 

14.4 

5.9 i 

1.9 

8.2 

KosseU-Block 

Murrill 

470 

12.7 

! 6.0 

1.8 

7,8 

Kossel-Block 

Murrill 

470 j 

12.2 

6.0 

1.8 

8.2 

Kossel-Block 

Murrill 

470 

14.1 

6.6 1 

2.0 

9.2 

Kossel-Block 

Murrill 

470 

14.2 

5.8 

1.9 

8.1 

Sakaguchi-Thomas 

Thomas 

607 

(16.0) 

5.6* 



Sakaguchi-Thomas 

Thomas 

607 1 

(16.0) 

4.5 



Kossel-Block 

unpublished 

14.5 

6.1 


8.6 

Koseel-Block 

unpublished 

14.7 

6.2 


8.7 

Kossel-Block 

unpublished 

1 

14.6 

6.6 


8.6 

“Beat Values” 



15.0. 

6.0 

1.9 

8.6 

Mean with 2 XS.E. 




6.8±0.3 

1.9±0.1 j 

8.5±0,3 


BLOOD PROTEINS 

Diamino Acids in Serum Proteins Other Than Human and Dog 


Calculated to 16.0 gm. N. 


ANIMAL 

METHOD 

REFERENCE 

NITRO- 

OBN 

AH- 

aiNINE 

HIS- 

TIDINE 

LTSINE 






per cent 

gm. 

gm. 

gm. 


Horse 

Sakaguchi, Pauly 

Jorpes 

344 

16.5 

6.7 

2,2 



Hen 

Kossel-Block 

Block 

83 

15.4 1 

6.4 

2.0 

5.8 


Turkey 

Kossel-Block 

Block 

83 

16.0 

7.2 

2.5 

6.2 


Duck j 

Kossel-Block 

Block 

83 

15.4 1 

6.9 

2.7 

1 6.3 


Cow 1 

Koasel-Block 

Block 

83 

14.2 1 

5.6 


1 


Turtle 

Kossel-Block 

unpublished 

13.9 

6.1 

2.9 

3.2 
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BLOOD PROTEINS 
Diaraino AcWs in Sirma and Cell Proteine 


Calculated to*16 gm, N. 


ANniAL 

MBTEOn 

EErEBXNCB 

NITBO- 

OBN 

AK- 

QINIKB 

HIB- 

TIDINB 

LTSIME 






per cent 

gm. 

gm. 

gm. 


Horse 

Sakaguchi, Pauly 

Jorpes 

344 

15,4 

6,4 

2.9 



Horse 

Kossel-Block 

1 Beach 

65 

12.9 

6.1 

2,4 

4.7 


Bee! 

Koasel-Block 

Erickson 

213 

13.7 

6.8 

2.0 

5.3 

Embryo 

Beef 

Kossel-Block 

Beach 

55 

13.8 

5.9 

2.2 

4.1 


Sheep 

Kossel-Block 

Beach 

55 

14.0 

6.1 

: 2.6 

4.0 


Hog 1 

Kossel-Block 

Beach 

66 

13.1 

5.6 

■ 2,6 

4.3 


Human 

Kossel-Block 

Beach 

55 

13.0 

5.9 

2.0 

4.7 


Human 

Kossel-Block 

Erickson 

213 

13.1 

6.1 

2.2 

6.0 

Polycythemia vera 

Human 

Kossel-Block 

Erickson 

213 

13.7 ! 

4.0* i 

2.6* ' 

3.6+ 

Polycythemia car- 









diac 

‘‘Best Values” 



15.4 

6.1 

2.6 

4.8 


Mean with 2 X8.E. 




6.0±0.2 

2.4±0.2 

4.6±0.4 


* Omitted from Mean 








Human 

j Kossel-Block 

Block 

105 

16.3 

3.2 

6.3 

6.9 

Cells 


COMMENTS — BLOOD PROTEINS 

Fibrin: The lysine content of this protein appears to be high but 
is not known with any degree of accuracy. There may be small 
specie differences. 

Hemoglobins and Glohins: As is well known these proteins are 
uniquely high in histidine. They also are a good source of lysine. 
There are slight, though probably significant specie differences in 
composition except in the case of turtle hemoglobin which appears 
to have quite a different content of arginine and histidine. 

Serum Albumins and Globulins: These are highly complex mix- 
tures of proteins the exact composition of which will vary with the 
mode of preparation. Serum albumins are an excellent source of 
lysine and consequently in cases where new formation of seralbumin 
is desired, foods rich in lysine are indicated. 

Serum Proteins: Changes in the amino acid composition of entire 
serum proteins (orosins) in health and disease rather than in the 
composition of the albumins and globulins should be the object of 
investigation. This procedure avoids the possibility of misinterpret- 
ing results of elaborate fractionation experiments. Although such 
experiments may yield chemically homogeneous protein fractions, 
these proteins are probably only artifactsi. 

Although the results on pathological sera are very meagre, they 
appear to show that nephritic and nephrotic serum proteins have 
essentially a normal basic amino acid composition but that the 
proteins in multiple myeloma are deficient in lysine. 

Studies on Bence-Jones protein suggest that this protein may 
vary in diamino acid composition in different cases. 
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There may be true specie difference? in the amino acid composi- 
tion of the serum prc^teins, although Hke the animal hemoglobins, 
the differences are quantitative rather than qualitative except in 
avian and especially in turtle serum proteins which appear to differ 
rather widely in lysine. 

Stroma Proteins: These have been studied in detail only by one 
group of investigators (55, 213) who have shown that their com- 
position varies in health and disease. 

• BRAIN PROTEINS 

Diamino Acids in Human Brain Proteins Jrom N onpsychotic and Psychotic Individuals 
{cf. 94, 89, 92, 90 and unpublished results) 


Calculated to 16.0 per cent N, 


CAUSE OF DEATH 

NITROGEN 

ARGININE 

HISTIDINE 

LYSINE 


Cerebral Hemorrhage 

per cent 
13.7 

gm. 

6.5 

gm, 

2.8 

gm. 

6.8 


Cerebral Hemorrhage 

14.9 

6.2 

1.8 

6.1 

o’ 

Trauma 

15.1 

6.2 

2.4 i 

6.2 

o’ 

Trauma 

13.0 

7.4 

3.2 1 

6.8 


Trauma 

15.1 

0.5 

2.4 

6.2 

o’ 

Trauma 

14.2 

b.4 

3,4 

6,3 

o’ 

Suicide 

14.0 

6.6 

2.9 

6.9 


Suicide ! 

12.8 

6.4 

2.3 

6.7 

c? 

Suicide 

13.2 

6.9 

2.7 

6.4 

o’ 

Alcoholism 

14.9 

1 6.3 

1.9 

6,2 


Alcoholism 

15.0 

6.5 

2.3 

6.6 


Arteriosclerosis j 

13.4 

6.8 

2.2 

6.4 


Diabetic coma 

13.4 

6.9 

2.9 

6.0 

9 

Puerperal Septicemia 

13.9 

6.4 

2.9 

1 6.0 

9 

Aneurism 

12.7 

6.6 

2.8 

6.4 

9 

Coronary occlusion 

13.6 

7.2 

3.0 

6.4 

1 


Mean with 2 XS.E. 
Infection 

14.3 

6. 6 + 0.2 
6.8 

2. 6 + 0. 2 
2.5 

6. 4 + 0,1 
6.6 

Phenylpyruvic oligophrenia 

Unknown 

12.0 

6.6 

2.4 

3.9 

Krabbe’s disease 

Unknown 

14.1 

' 6.1+ 

1 1.5+ 

: 3.1+ 

Late Amaurotic Idiocy 


* Highest values nf four closely checking replicate experiments. 


BRAIN PROTEINS 

Diamino Acids in Monkey Brains (cf. 89, 92. 90, and unpublished results). 


Calculated to 16.0 gm. N. 


DESCRirTlON 

NITROGEN 

ARGININE 

HISTIDINE 

LYSINE 


per cent 

gm. 

gm. 

gm. 

Young male 

12.8 

7.4 1 

i 

6.3 

Adult male 

14.3 1 

6.5 

2.7* 

6.9 

Adult male 

*14.4 

6.4 

1.9* 1 

6.7 

Adult male 

14.7 

6.6 

2,1* 

6.3 

Cerebellum, male 

14.9 

6.8 

2.7 

6.7 

Cerebral Hemispheres, male 

13.9 

6.3 

2.7 

6.3 

Mid-brain, male 

14.6 

6.9 

2.5 

5.1 

Still-born, male 

14.6 


2.2 


Still-born, female 

14.5 

6.3 

2,5 

7.2 

Adult female 

14.2 

6.1 

2.4* 

6.1 

Adult female 

14.2 

6.2 1 

2.3* 

5.4 

Adult female 

14.0 

6,7 

3.2* 

5.4 

Adult female 

14.8 

6,5 

2.6 

6.2 

Cerebellum, female 

15.1 

6.7 

2.6 

6,7 

Mid-brain, female. 

14.6 

6,8 

2.3 

6.0 
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BRAIN PROTEINS 

t 

Diamino Acids in Sheep, Rat, and Beef Brain Proteins 
(c/. 89, 92, 90, and unpublished resulft) 


Calculated to 16.0 gm, N. 


ANIMAL 

NITBOGEN 

ARGININE 

HI8TLDINB 

LYSINE 



per cent 

gm. 

gm. 

gm. 


Sheep 

11.9 

6.9 

3.2 

6.0 

Cerebellum cf 

Sheep 

14.7 

6.6 

2.5 

6.7 

Cerebellum d' 

Sheep 

14.7 

7.0 

2.6 

6.6 

Cerebellum 9 

Sheep 

15.3 

6.4 

2.4 

6,2 

Cerebral hemispheres 9 

Sheep 

13.2 

6.7 

2.2 

5.7 

Cerebral hemispheres o’ 

Sheep 

13. G 


2.5 

6.0 

Cerebral hemispheres cf 

Sheep 

H.4 

6.5 

2.5 

5.7 

Midbrain d 

Sheep 

14.6 

6.9 

2.9 

6.1 

Midbrain cT 

Sheep 

15.0 

6.7 

2.8 

6.4 

Midbrain 9 

Sheep 

14.4 

6.7 

2.5 

6.5 

Entire brain 9 

Sheep 

14.4 

7.1 

2.8 

6.6 

Eiilire brain o’ 

Rat 

14.3 

6.5 

2.3 

5,6 

1 to 2 days old 

Rat 

14.5 

6.5 

2.3 

5.9 

6 to 9 days old 

Rat 

13.1 

6.8 

2.1 

6.7 


Rat 

14.4 

6.8 

1.7 

6.3 


Rat 

15.5 

5.7 

3.1 



Rat 

15.0 

6.2 

3.1 

6.1 

Hist, by Knoop 9 

Rat 

14.7 

6.6 

2.7 

6.3 

Hist, by Knoop cT 

Beef 

12.9 

6,6 

2.0 

5.3 

Hist, by diflavianate 

Beef 

13. G 

6.4 

2.9 

5,8 


Beef 

14.7 

6.3 

2.0 

5,4 


Beef 

14.3 

G.8 

2.5 

6.7 

9 

Beef 

14.0 ^ 

6.6 

2.5 

6,9 

S' 


BRAIN PROTEINS 

Summary of Diainino Acids in Human, Monkey, Sheep, Rat, Beef, 
Dog, Guinea Pig, and Rabbit Braine 


Calculated Ui 1(5.0 gm. N. 


ANIM.YL 

NITROGEN 

ARGININE 

HISTIDINE 

LYSINE 


Human 

per cent 

13.9 

gm, 

6. 6 + 0. 2 

gm. 

2. 8 + 0. 2 

gm. 

6.4±0.1 

Nonpsychotic, 16 cases 

Human 

12.0 

6,6 

2.4 

3.9 

Krabbe’s disease, 1 case 

Human 

14.1 

6.1 

1.5 

3.1 

Amaurotic Idiocy, 1 case 

Monkey 

14.4 

6.6±0.2 

2.5±0.2 

6.2±0.3 

15 specimens 

Sheep 

14.2 

6.8±0.1 

2.0±0.2 

6.2±0.2 

11 specimens 

Rat 

14.6 

6. 4 + 0. 3 

2.5±0.4 

5.9±0.5 

7 specimens 

Beef 

13.9 

6.5±0.2 

2.4±0.3 

5.9±0.6 

5 specimens 

Pig 

15.4 

6.0 

2.7 

0.5 

2 specimens 

Puppies 

13.4 

7.0 

2.6 

6.1 

1 specimen 

Guinea Pig 

14.8 

7.1 

3.0 

6.4 

2 specimens 

Rabbit 

12.8 

6.7 

2.3 

6.7 

2 specimens 


COMMENT ON BRAIN PROTEINS 

The analytical results which arc summarized in the tables have 
all been carried out in one laboratory although by three different 
persons. Therefore, the values reported have greater comparative 
than absolute value. However, it appears that the protein prepara- 
tion from the single case of late infantile amaurotic idiocy is defi- 
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nitely subnormal in its yield of lysine. There does not appear to 
be any significant difference in the basic amino acids yielded by 
normal human, monSey, sheep, rat, and beef brain proteins on 
acid hydrolysis. 

The suggestion made previously (92) by one of us (R, J. B.) that 
there may be a sex difference in the basic amino acids yielded by 
primate brain proteins is no longer tenable as the result of many 
further analyses. 


EGG PROTEINS 

Baaic Amino Acids in Crytitalline Egy Alhiimin 


Calculated to N, 


METIIon 

REFEHBNCK | 

NITROGEN 

ARGININE 

HISTIDINE 

LYSINE 





per cent 

gm- 

gm. 

gm. 


KosscTElock 

Bernhart 

73 

15.3 

5.6 

1.8 

4.8 


Kossel'Calvery 

Calvcry 

13» 

1 (15.5) 

6.2 1 

1 

4.1 

i 

Jansen-Huiiter 

Hunter 

313 

* 16.0 

5.2 




Fauly-Koessler 

Hanke 

280 

(15.5) 


' 2.4 



Kossel-Patten ; 

Osborne 

494 

15.5 

5.1 

1.8 

3.9 

1 

Kossel-Blnek 

Pottinger 

527 

(15.5) 

6.2 

2.4 

3.9 


Sakaguchi 

Sakaguchi 663 , 


6.3 

1 



Kossel-Block 

Tristram 

619 


6.1 

1.6 

5.1 

corrected 

Van Slyke 

V'an Slyke 639 





0.08% HO - lysine 

Kossel- Vickery 

Vickery 

651 

15.8 

5.7 

1.5 

5.0 


Kosscl -Vickery 

Vickery 

656 

15.5 

5,8 



direct method 

Kossel-Chibnall 

Chibnall 

160 

15.8 

5.7 

1.5 

5.1 


“Best Values" 



15.5 

5.8 

2.0 

5.0 


Mean Values 




5.7±0.3 

1.8±0,3 

4.6±0.5 

witli 2 XS.E, 


EGG PROTEINS 

Basic Amino Acids in Egg Proteins other than Crystalline Albumiii 


Calculated to 16,0 gm. N. 


PROTEIN 

METHOD 

KBFEKENOE 

NITROGEN 

ARGININE 

HISTIDINE 

LYSINB 





per cent 

gm. 

gm. 

gm. 

Conalbumin 

Kosael-Blouk 

Block 

83 

16,0 

6.4* 

3.0 

8.0* 

Conalbumin 

Kossel-Patten 

Osborne 

507 

(16.1) 

5.1 

2.2* 

6.4 

Globulin 

Kossel -Block 

Block 

83 

14.4 

6.6 

1.6 

6.7 

Globulin 

Kossel-FUrth 

Flirt h 

251 

(16.0) 

4.4 



Vitellin 

Koaael-Calvery 

Calve ry 

140 

15,0 

8.4* 

1.3 

6.8* 

Vitellin 

Van Slyke 

Calvery 

140 

15.0 

8.6 

1.0 

fl.3 

Vitelliu 

Kossel-Patten 

Osborne 

495 

16.3 

7.3 

1.9* 

4.7 

Vitellin 

Sakaguchi 

Sakaguchi 563 

16.0 

7.5 i 



Livitin 

Kossel-Vickery 

Jukes 

347 

14.8 

5.1 

1.2* 

5.0 

Livitin 

Kisael-Vickery 

.Tukes 

348 

15.5 

5.8* 

1.0 

6.2* 

Egg White 

Kossel-BIock 

Block 

83 

14.8 

5.7 


6.1 

Egg White 

Koasel -Cal very 

Calvery 

141 

(16.0) 

5.8* 

2.2* 

6.5* 

Egg Yolk 

Kossel-BIock 

unpublished 

14.6 

7.2 

2.6* 

5.0 

Egg Yolk 

Kossel -Cal very 

Calvery 

141 

(15.0) 

8.2* 

1.4 

5,5* 

Whole Egg 

Kossel-BIock 

j unpublished 

14.1 

7.0 

2.4 

6.0 


♦ "Best Values." 
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COMMENTS — EGG PROTEINS 

« 

Crystalline Egg Albumin and Egg White* The composition of 
crystalline ovalbumin, the principal protein in egg white, is known 
with considerable accuracy. As far as the authors are aware there 
have been no comparative studies on the diamino acid composition 
of hens^ and other crystalline egg albumins. Egg white appears to 
yield more lysine than crystalline albumin; this, however, may be 
due to technical variations and not be significant. 

Yolk Proteins. These appear to be richer in arginine than the 
proteins of the white. 


FOODS 

Diamino Acids in Feeds and Foods 


Calculate to 16.0 gm. N. ^ 


1 

aOUKCB 

METHOD 1 

RETi’ERBNCH ^ 

NITKO- 1 
OEN 

AB- 

OININE 

Hia- 

TiniUE 

LYSINE 





per 








cent 

gm. 

gm. 

gm- 


Bread 

Kossel 'Block 

unpublished 

11.2 

3.5 

2.3 

2.8 ' 

Milk, yeast 

Flour 

Koascl'Block 

unpublished 

13.5 

3,9 

2.2 

1.9 


Cereal 

Kossel'Block 

unpublished 


5.0 

. 1.7 

3.0 

"Wheatena” 

Cereal 

Kossel'Block 

unpublished 


5.4 

2.7 

3.4 

"Italston" 

Cereal 

^oasel-Block 

unpublished 

12.5 

3.3 

1.8 

1.8 

“Cream Farina” 

Cereal 

Kossel'Block 

unpublished 

13.6 

3.0 : 

1.6 

1.6 

“Cream of 








Wlieat' ’ 

Cereal 

Kossel'Block 

unpublished 

13.8 

5,2 

3.1 

1.3 

"New Cream of 








Wheat" 

Cereal 

Kossel'Block 

i unpublished 


2.2 

2.2 

0.9 

“Puffed 








i Sparkles” 

Cereal 

Kossel'Block 

unpublished 


2.3 

1.2 

1.4 

Cerevim 

Corn Gluten Meal 

Kossel'Block 

, unpublished 

13,4 

3.2 

1.9 

2.0 


Linseed Meal 

Kossel'Block 

unpublished 


6.2 

1.5 

2.5 


Allalfa Meal 

Kossel'Block 

unpublished 

10.6 

4.3 

2.1 

4.2 


Soybean Meal 

Kossel'Block 

1 unpublished 


5,8 

2.3 

5.4 


Flaxseed Meal 

Kossel'Block 

unpublished ' 


i 6.9 

1.9 

1.0 


Soybean Meal? 


; Heinrich 286 

7 

11.8 

3,8 

4.4 


Lupine Meal? 


Heinrich 286 

7 

12.6 

2.9 

3.1 


Meat Scrape 

Kossel'Block 

unpublished 


7.0 

1 2.0 

1 5.1 


Blood Meal 

Kosael-Ayre 

Ayre 38 

12,6 



6.7 


Blood Meal 

Kossel-Ayre 

Ayre 38 

14.5 



7.7 


Blood Meal 

Kossel'Block 

Ayre 38 

13.7 ' 



6.2 


Tankage 

Kossel'Block 

unpublished 

10.6 

5,5 

2.7 

6.0 


“Stick Water” 

Kossel'Block 

unpublished 

11.8 ' 

5.4 

2.6 i 

4.1 

Fish 


COMMENTS ON KEEPS 

Feeds: With the exception of soybean protein, plant feeds are 
considerably lower in lysine than animal feeds. 

Bread: The ufee of milk and yeast in the preparation of bread 
enhances its lysine content and consequently its nutritive value as 
compared to flour alone. 
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HORMONES, ENZYMES 
Diamino Acids ip 

Hormones and Non- Metallic Enzymes 


Calculated to 16.0 gm. N. 


PROTEIN 

METHOD 

BEFEKBNCE 

nitro- 

gen 

AROl- 

NJNE 

HISTr- 

blNE 

! 

LYSTNB 






per 


gni. 

gm. 






cent 





Insulin 

Van Slyke 

Jensen 

318 

16.0 

3.3 

4.5 

2.3 


Insulin 

Van Slyke 

Jensen 

320 

(16.0) 

3 

8 

2 


Insulin 

Sakaguchi 

Thomas 

607 

15.7 

3 4* 




Insulin 

Kossel- 

Chibimll 

160 

15.5 

3.2 


1.3+ 



Block 








Pepsin 

Kossel- 

Calvery 

146 

15.4 

1.4 

trace 

1.8 



Cal very 








Cepsin 

Kossel- 

Cal very 

146 

15.2 

1.2 

f race 

2.1 

heal piRcipifaln 

1 

Cal very 








Pepsin 

Ko.ssel- 

Calvery 

146 

. 15.4 

1.8 

trace 

1.7 

heat filtrate 


Calvery(?) 








Pep.sin 

Sakaguchi 

Brand 

127 

(15.4) 

1.0 



swine 

Thyio- 

Van Slyke 

Cavett 

152 


7.4 

1.8 

5.8 

normal human 

globulin 









TtiyrO" 

Van Slyke 

Cavett 

152 


7.4 

1.8 

5.4 

colloid goiter 

globulin 









Thyro- 

Van Slyke 

Cavett 

152 


7.4 

1.7 

5.6 

adenomatoses 

globulin 









Thyro- 

Van Slyke 

Cavett 

152 


7.4 

1.7 

4.7 

e.’cophthaiinic 

globulin 









Thyro- 

Van Slyke 

Eckstein 

202 

15,6 

8.2+ 

6.9 

3.9 

arg, by Kossel 

globulin 









Thyro- 

Kossel- 

Koch 

373 


5.8 

3.1 


* 

globulin 

Patten 








Ribo nuclease 

Sakaguchi 

Brand 

127 

(16.0) 

5.2 




Yellow 

Sakaguchi, 

Kuhn 

393 _ 

16.3 

8.1 

2.8 

13,6 

lysine by N 

Enzyme 

Ktionp 








Trypsin 

Sakaguchi | 

Brand 

127 

' (16.0) 

3.3 




Trypsinogen 

Sakaguchi 

Brand 

127 , 

! (16.0) 

1.6 

1 



Chymotryp- 

Sakaguchi 

Brand 

127 

(16.2) 

2.8 




si nogen 









Lactogenic 

Sakaguchi 

Li 

419 

(16.0) 

8.3 



pit nil ary 


Thomas 








Oxytocic 

Sakaguchi- 

Potts 

528 

(16.0) 

<0.8 



pituitary 


Dumazert 








Pressor 

Sakaguchi- 

Potts 

528 

(16.0) 

12.3 



pituitary 


Dumazeil 








Gonado- 

Van Slyke 

Evans 

214 


1.0 

1.9 

7.4 

pregnant mare's 

tropin 








serum 

Secretin 

Sakaguchi, 

Agren 

25 

14.4 

7.3 

4.4 

9.9 

Van Slyko lysine. 


Pauly 









* Best Values. 


HORMONES AND ENZYMES 

Pepsin: In line with its activity in strongly acid media, pepsin 
is deficient in the basic amino acids. The table shows again how the 
composition of a protein to be analyzed may be slightly changed 
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during the course of its preparation. Heat denaturation and coagu- 
lation of pepsin gave products which differed from the original. 

Thyroglohulin: The values for the basic amino acids and es- 
pecially for histidine given in the literature show such large dis- 
crepancies that it is difficult to surmise even the approximate 
composition of this protein. 

Pituitary Hormones : The apparent lack of arginine in the oxytocic 
and the relatively large quantity in the pressor principle is but 
another example of the ^‘unusuaP' composition of many of the 
physiologically active proteins and polypeptides as compared to 
the more ‘‘inert’’ tissue proteins. 

KEKATINS 

Diamino Acids in Eukeraiins 


Calculated to 16.0 gin. N. 


PEOTBIN 

METHOD 

REFERENCE 

NITRO- 

QEN 

ARGI- 

NINE 

HISTI- 

DINE 

LYSINE 






per 









cent 

gm. 

gm. 

gm. 


Human Hair 

Kossel -V i ck ery 

Vickery 

647 

(IG.O) 

8.0 

0.5 

2.5 


Human Hair 

Kossel -Vickery 

Vickery 

ase 

16.9* 

8.9* 



direct 

Human Hair 

Kossel -Block 

Block 

97 

15.4 

8.3 

1.0* 

2.6* 


Wool 

Kossel-Vickery 

Vickery 

648 

16.6 

8.3 

0.6 

2.2 


Wool 

Kpssel-Vickery 

Vickery 

656 

16.6 

10.0 



direct 

Wool 

Kossel-Block 

Block 

07 

15.4 

9.4 

0.7 

2.8* 


W'ool 

Jansen-Graff 

Graff 

263 


9.9 




Wool 

Kossel-Block 

Gordon 

201 


10.1* 

0.7* 

2.6 

arg, direct 

Wool 

Kossel-Block 

Sullivan 

601 

(16.0) 

9.6 

0.7 

2.7 


Wool 

Kossel-Block 

Rutherford 

561 

(16.8) 



3.1 


Wool 

Van Slyke 

Van Slyke 

639 


0.10 pc 

r cent HO ■ lysine 

C.tmel Hair 

Kossel-Block 

Block 

97 

15.1 

9.6 

1.0 1 

3.2 


Chimpanzee 

Kossel-Block 

Block 

109 

16.7 

7.8 

0.6 

1,9 


Hair 









Dog Hair 

Van Slyke 

Van Slyke 

630 


7.6 

2.1 

4.5 


Hog Hair 

Kossel-Block 

unpublished 


15.1 

8.7 

1.1 

2.5 


Goat Hair 

Kosscl-Block 

Block 

97 

16.2 

8.6 

1.1 

3.7 


Cow Hair 

Kossel-Block 

Block 

109 

15.5 

7.7 

0.7 

2.1 


Cattle Horn 

Kossel-Block 

Block 

80 

15.1 

10.4 

0.7 

3.2 


Cattle Horn 

Kossel-FUrth 

Fiirth 

251 

(16.0) 

(4.7) 




Cattle Horn 

Kossel-Block 

unpublished 


14.8 

7.4 

1.1 

2.6 


Rhinoceros 

Kossel-Block 

Block 

97 

15.6 

8.5 

0,7 

2.8 


Horn 









Human Nails 

ICossel-Block 

Block 

80 

14.9 

10.0* 

0.5 

2.8 


Human Nails 

Kossel-Block 

Hess 

292 

(14.9) 

7.1 

0.5* 

2.8* 


Porcupine Quills 

Kossel-Block 

Block 

91 

15.8 

8.1 

0.6 

2.6 


Echidna Spines 

Kossel-Blo ck 

Block 

91 

15.2 

7.4 

0.6 

1.9 


Goose Feathers 

Kossel-Vickery 

Block 

97 

15.5 

5.2 

0.4 

l.l 


Hen Feathers 

KoBsler-Dlock 

Block 

97 

15.6 

6.5 

0.7 

1.8 


Eggshell 

Koesel-Calvery 

Calvery 

141 

(15.0) 

7.8 

0.6 

2.2 


Eggshell 

Kossel-Calvery 

Caivery 

142 

16.6 

8.6* 

0.8+ 

3.5* 


Mean with 





8.4 

0.79 

2.6 


2XS.E. 





+ 0,2 

±0.15 

±0.3 



* “Best Values.” 
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KERATINS 

Diamino Acids in Stm and Neurokeratins 


Calculated to 16.0 gm. N. 


ANIMAL 

METHOD 

REFEBEKCE 

NITKO- 

GEN 

ARGI- 

NINE 

HISTI- 

DINE 

LYSINE 


Human 

Koasel-Vickery 

Block 

79 

per cent 
15.5* 

gm. 

6.2 

gm, 

0.9* 

gm. 

4.4* 

skin 

Human 

Van Slyke 

Eckstein 

203 

14.2 

6.7 

0,7 

5.3 

skin 

Human 

Kossel-Block ; 

Wilkeraon 

678 

15.1 

10.6* 

0.6 

3.3 i 

ekin 

Lamb 

Kossel-Block 

Sullivan 

601 

(16.0) 

15.0 

0.7 

3.5 

skin 

Snake 

Kossel -Vickery 

Block 

77 

17.1 

5.7 

0.5 

1,3 

skin 

Snake 

Kossel-Block 

Block 

97 1 

15.2 

6.3 

0.8 

2.6 

akin trypsin 

Snake 

Kossel-Block 

unpublished 

15.2 

0.7+ 

1.0* 

3.7* 

skin undigested 

Turtle 

Kossel-Block 

Block 

96 

14.1 

6.4 

1.7 

2.0 

scutes 

Pelican 

Kossel-Block 

Block 

96 

' 14.0 

6.9 

1.4 

4.0 

excrescnce 

Whale 

Kossel-Block 

Block 

96 

14.1 

7.0 

1.6 

4.3 

baleen 

Horse 

Kossel-Block 

Block 

93 

14.1 

6.4 

1.9 

4.7 

burrs 

Tarpon 

Kossel-Block 

unpublished 

16.3 

9.4 


4.6 

scales 

Neurokeratin 

Kossel-Vickery 

Block 

78 

14.1 

3.0* 

2.0 

3.6 


Neuro keratin 

Kosael-Kutacher 

Argiris 

32 

14.2* 

2.8 

0.9 

3.1 



♦ “Best Values." 


KERATINS 

Diamino Acids in Egg Casings, Gorgonia, Silk Fibroin, etc. 


Calculated to 16.0 gm. N. 


ANIMAL 

METHOD 

REFERENCE 

NITRO- 

GEN 

ARGI- 

NINE 

HISTI- 

DINE 

LY8INE 






per cent 

gm. 

gm. 

gm. 


Scyllium 

Kossel-Kutscher 

Pregl 

629 

15.1 

3.4 

1.8 

3.9 

egg casing 

Salmon 

Kossel-Block 

Young 

G94 

15.3 

6.1 

1.4 

3.7 

egg casing 

Herring 

Kossel-Kutscher 

Steudel 

593 

14.2 

7.1 

2.4 

6.3 


Bombix Mori 

Kossel-Block 

unpublished 


14.4 

5.1 

1.8 

4.1 

egg casing 

Python 

Kossel-Block 

unpublished 


14.1 

5.8 


1.4 

egg casing 

Gorgonia 

Kossel-Vickery 

Block 

77 

15.6* 

7.5* 

0.5 

2.8 


Gorgonia 

Kossel-Block 

Block 

96 

14.1 

6.9 

1,4* 

4,5* 


PlexaurelJa 

Kossel-Vickery 

Block 

77 

15.6* 

6.9* 

0,4 

3.1 

! 

Plexaurella 

Kossel-Block 

Block 

96 

13.8 

6.5 

1.8* 

3.8* 


Sponge 

Kosael-BIock 

Block 

06 

13.0 

6.2* 

present 

4.3* 


Sponge 

Van Slyke 

Clancy 

163 


5.6 

0.0 

3.7 


Silk Fibroin 

Koasel-Vickery 

Vickery 

650 

19.0* 

0.6 

0.06 

0.2 


Silk Fibroin 

Kosael-Kutscher 

Abderhalden 

20 

19.0 

1.3 

0.6 

0.7 


Silk Fibroin 

Koasel-Vickery 

Bergmann 

69 

19.0 

0.8 




Silk Fibroin 

Kossel Fiirth 

Fiirth 

251 

(19.0) 

1.3 




Silk Fibroin 

Kossel Vickery 

Vickery 

666 

19.0 

0.6* 



direct 


* “Best Values.” 


KERATINS 

Eukeratins: The striking constancy of the molecular ratio of 
histidine to lysine to arginine as seen in the eukeratins (hair, horn, 
spines, feathers, etc.) definitely characterizes this group of proteins. 
As one would expect, the ratio of the three diamino acids is probably 
not absolutely constant in the large group of tissue proteins but 
the differences are small when compared to the obvious gross 
similarities. 



DIAMINO ACIDS IN PROTEINS 


69 


LIVEE PROTEINS 

Diamii* Acids in Liver Proteim 


CalculAed to 16.0 gm. N. 


ANIMAL 

METHOD 

REFEBENCS 

NITRO- 

QEN 

ARQI- 

NINI 

HISTI- 

DINE 

LTSINE 






per cent 

gm. 

gm. 

gm. 


Human 

Kossel-Block 

Block 

105 

13.7 

5.7 

3.1 

6.7 


Human 

Kosael-Fiirth 

Furth 

251 

(14.0) 

8.5 




Cat 

Kossel'Block 

Block 

87 

13.9 

6.7 

2.2 

5.9 

corrected 

Cat 

Kossel, Knoop, 

Urban 

626 

15.0 

6.1 

2.4 

9.6 

lysine by 


Pauly 







Van Slyke 

Cat Globulin 

Eossel, Knoop, 

Urban 

625 

14.8 

6.4 

2.3 

9.3 

lysine by 


Pauly 







Van Slyke 

Cat Albumin 

Kossel, Knoop, 

Urban 

625 

16.4 

6.9 

3.1 

10.2 

lysine by 


Pauly 







Van Slyke 

Dog 

Sakaguchi-Thomns 

Thomas 

607 

(14.0) 

6.7 




Dog 

Kossel- Kutscher 

Wakeman 

670 


4.6* 

1.4* 

4.0* 


Beef 

Kossel-Block 

unpublished 

13.3 

6.3 

2.5 

5.1 


Beef 

Kossel-Block 

Beach 

69 


6.6 

2.0 

6.0 


Sturgeon 

Kossel-Kutscher 

Wakeman 

670 


3.4* 

1.1* 

3.4* 


Cod 

Kossel-Block 

unpublished 




6.0* 


"Best Values” , 



16.0 

6.5 

2.4 

6.3 







6.5±0.7 

2.6±0.3 




* Omitted from Mean Values. 


METALLOPROTEINS 

Diamino Acids in Metaila-proteins other than Hemoglobin 


Calculated to 16.0 gm, N. 


PROTEIN 

METHOD 

REFERENCE 

NITRO- 

GEN 

ARGI- 

NINE 

HISTI- 

DINE 

LYSINE 


B^rritin 

Hemocyanin 

Hemocyanin 

Hemocyanin 

Van Slyke 

Van Slyke 
Kossel-Block 
Sakaguchi, Pauly 

Kuhn 396 

Van Slyke 630 
Mazur 441 

Roche 550 

per cent 
8.4 

17.5 

(15.6) 

gm. 

17.7* 

7.8 

5.9* 

5.5 

gm. 

0.6 

7.8 

4.2 

6.1* 

gm. 

4.8 

7.2 

8.2* 

8.0 

Lysine by 
NHrN 

Hcmerythrine 

Sakaguchi, Pauly 

Roche 

550 

16.8 

5.4 

5.1 

8.6 

Lysine by 
NH»-N 

Cytochrome C 

Sakaguchi, Pauly 

Theorell 

605 

15.4 

2.8 

3.4 

24.4 

Lygine by 

N only 

Cytochrome C 

Kossel- Kutscher 

Theorell 

605 

15.4 



15.4* 


* Best Values. 


METALLOPROTEINS 

Ferritin is unusually rich in arginine and practically deficient in 
histidine. This is in contrast to hemoglobin, another Fe containing 
protein, which is very rich in histidine and but poorly supplied 
with arginine. 

Hemocyanin is not as rich in histidine as is hemoglobin. 

Cytochrome C is relatively deficient in arginine and histidine 
but unusually rich in lysine. 
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MILK PROTEINS 
Basic Amino Acids in Casein 


Calculated to 16.0 gm. N. 


METHOD 

BEFERENCE 

NITRO- 

GEN 

ARGI- 

NINE 

Hiffn- 

DINE 

LYSINE 





per cent 

gm. 

gm. 

gm. 


Electrolytic-Kossel 

Albanese 

27 

13.8 

3.7 

3.2 

5.4 

Lysine by N only 

Kossel-Ayre 

Ayre 

38 

14.5 



6.8 


Kossel-Block 

Beach 

55 

15.1 

3.8 

1.7 

6.6 


Kossel-Block 

Beach 

57 

14.5 

4.2 

2.0 

0.8 


Kossel-Block 

Block 

85 

16.1 



7.2 


Van Slyke 

Block 

85 

16.1 



5.2 


KosseLCalvery 

Calvery 

138 


3.1 

1.7 

5.5 

ave. of 10 detra. 

Van Slyke-Cavett 

Cavett 

151 


3.8 

2.7 

8.7 


Van Slyke-Cavett 

Cavett 

153 


4.0 

2.9 

9.6 


Knoop-Cojirad 

Conrad 

168 



2.6 



Kossel-Block 

Gsonka 

181 

16.0 

3.8 

2.5 

7.6 

Histidine by Knoop 








mellmd 

Kossel-FUrth 

Fiirth 

251 

(15.4) 

5.4 




Jansen-Graff 

Graff 

263 


4.1 




Paiily-Koeaaler 

Hanke 

278 

(15.4) 


3.0 



Fauly-Kocssler 

Hanke 

280 

(15.4) 


2.7 



Kogsel-Kutscher 

Hart 

283 

15.9 

4.9 

2.6 

5.8 


Jansen-Hunter 

Hunter 

313 


4.0 




Knoop 

Kape Her- Adler 

351 

15,4 


4.3 



Kossel-Gross 

Kossel 

3&4 


4.5 




Bakaguchi & Knoop 

Kuhn 

393 

(15.4) 

3.8 

1.4 

9.5 

Lysine by N 

Ilarden-Lang 

Lang 

399 

15,4 

3.4 




I.autenschlager 

Lautenschlager 405 

(15.4) 


3.7 


HI hydrolysis on 








' 1,825 gm. 

Lieben 

Lieben 

420 

13.6 



6.8“ 


Kossel'Kutscher 

Leavenworth 

410 

15.6 



5.9 


Van Slyke 

Narayaria 

471 


4.7 

2.4 

6,7 


Orglmeister ; 

Orglmeister 

487 

(15.4) 

3.7 




Kosael-Patten 

Osborne 

494 

15.6 

3.9 

2.6 

6.1 


Van Slyke 

Pliinmer 

521 

15.2 

3.9 

1.6 

9.9 


Kossel-Block 

Plimmer 

521 

! 15.2 

3.9 

1.8 

6.4 


Kossel-Block 

Plimmer 

523 

14.1 

3.6 

1.7 

5.1 


Kossel-Block 

Pottinger 

527 

(15.4) 

5.4 

2.7 

7.9 


Sakaguchi 

Sakaguchi 

663 


4.2 




Sakaguchi-Thomas 

Thomas 

607 

(15.4) 

3. 5^. 3 




Kossel-Block 

Tristram 

619 


4.2 

1.9 

0.6 


Van Slyke 

Van Slyke 

639 





0.31 per cent HO 'ly- 








sine 

Koaael-Osborne 

Van Slyke 

631 


4.0® 

2.7® 

7.9“ 


Kossel-Vickery 

Vickery 

654 

15.5 

4.1 

1.9 

0.5 


Kossel-Vickery 

Vickery 

656 

15.5 

3.8 



direct precipitation 

"Best Values" 



16.5 

4.2 

2.5 

7.5 


Mean with 2 KS.E. 




4.1±0.2 

2.5±0.3 

6.9±0.7 


Kossel-Block 

Beach 

57 

13.7 

6.0* 

1.3 

6.S* 

Human Casein 

Kossel-Block 

Plimmer 

621 

14.4 

4.0 

1.7* 

6.1 

Human Casein 

Van Slyke 

Plimmer 

521 

14.4 

3.0 

1.2 

7.0 

Human Casein 


* "Best Values.” 

* Omitted from mean. 
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MILK PROTEINS 
Basic Albino Acide in LadalbutniTi 


Calculated 16.0 gm. N. 


MBTUOD 

RBFBEENCB 

JUTROGEN 

ARGININB 

HISTIDINE 

LT8INE 





1 

per cent 

gm. 

gm. 

gm. 


Kossel'Block 

Beach 

57 

14.2 

3.9 

1.6 

8.9 1 

cow’s milk 

Kossel'Bloclc 

unpublished 

13.8 

3.7 

2.0 , 

,9.6 

cow’s milk 

Koasel-Kutscher 

Osborne 

505 

15.5 

3.1 

1.6 

9.1 

cow’s milk 

Van Slyke 

Osborne 

505 

15,6 

3.6 j 

2.7 

10.2 

cow's milk 

Van Slyke 

Plimmer 

621 

14.2 

i 4.5 ' 

2.3 

1 9.1 

cow’s milk 

Kossel-Block 

Plimmer 

521 

14.2 

4.5 ' 

2.0 

, 7.1 

cow’s milk 

Van Slyke 

Van Slyke 

639 


0,03 per cent bydroiylysine 

cow’s milk 

Janaen-Grafl 

Graff 

263 


2.8 



cow’s milk 

"Beat Values” 



15.5 

3.9 

2.0 1 

9.6 


KoaeeLBlock 

Beach 

57 

13.7 

6.0* 

1.3 

6,8 

human milk 

Kossel-Block 

Plimmer 

521 ' 

14.6* 

5.5 

1.9* 

1 7.2* 

human milk 

KoaseLBlock 

Pliiniiier 

521 

14,6 

5.1 ' 

0.8 

10.7 

human milk 


* "Best Values." 


MILK PROTEINS 

Basie Arnino Acids in fi-Lactoglobidin, Whole Milk, and Casein Hydrolysates 


Calculated to 18.0 gm. N. 


PROTEIN 

k METHOD 

REFERENCE 

nitro- 

gen 

1 

ARGI- 

NINE 

histi- 

dine 

LYSINE 





per cent 

gm. 

gm. 

gm. 


^-Lactoglobulin 

Kossel-Block ^ 

Bolling 112 

15.5* 

3.5* 

1.8* 

10.2 1 


^-Lactoglobulin 

Sakaguchi-Wcher 

Brand 128 

16.6 

2.9 

i 



/S-Lactoglobulin 

Kossel-Block 

Cannan 147 

15.5 1 

2.9 

2.4 : 

10.9* ! 


p-Tiactoglobulin ' 

Van Slyke 

Van Slyke 639 

10.0 

0.02 per cent hydroxylysine 


0-Lactoglobulin 

Kossel-Chibnall 

Chibnall 160 

, 15.6 ' 

3.0 

1.6 

10,0 


Casein — 

Kosscl-Block 

unpublished 

12.2 

6.0 

3.2 

8.0 

Borden 

Hydrolysates 

Kossel-Block 

unpublished 

j 12.3 * 

6.0 

3.6 

8.0 

Borden 

Hydrolysates 

Kossel-Block 

unpublished 

7.4 

4.1 

2.8 

7.7 

Difeo 

Hydrolysates 

Kossel-Block ! 

unpublished 

10.5 

4.4 

3.2 

9.1 1 

Difeo 

Whole Milk 

Kossel-Block 

unpublished 

, 15.2 

4,3 

2.6 

7.5 

Cow 

Whole Milk 

Kossel-Block 

unpublished 

15.2 

5.0 

2.7 

7.2 

Human 


* "Best Values.” 


MILK PROTEINS 

Casein: This protein, although probably not homogeneous, has 
been analyzed more often than any other protein. The composition 
of human and cow caseins appears to differ. 

Lactalbumin or whey protein (cow) is richer in lysine than is 
casein but it appears to yield less histidine. 

iS-Lactoglobulin which is the most homogeneous protein isolated 
to date from milk, has recently been very carefully analyzed for the 
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diamino acids. It is considerably richer in lysine, but is poorer in 
histidine than casein. 

Whole human milk proteins yield significantly more arginine 
than do cows' milk proteins. 

MUSCLE PROTEINS 
Basic Amino Acids in AninuU Muade ProieinM 


Calculated to 16.0 gm. N. 


ANIMAL 

METHOD 

REFERENCE 

NITROGEN 

ARGININE 

HISTIDINE 

LTSINB 





per cent 

gm. 

gm. 

gm. 

Beef Muscle 

Kossel-Block 

Beach 

59 


6.9 

2.3 

8.1 

Beef Muscle 

Kossel-Block 

unpublished 


16.1 

7.1 

2.2 

8.0 

Beef Muscle 

Kossel-FQrth 

Flirth 

251 

(16.0) 

6.7 



Beef Muscle 

Koseel-Patten 

Osborne 

49S 

16.2 

7.4 

1.7 

7.6 

Beef Muscle 

Kossel-Block 

1 Pottinger 

527 

(16.0) 

7.5 

1.8 

7.6 

Beef Muscle 

KoBsel-Vickery 

Rees 

542 

15i9 

6.3 

0.6 

7.3 

Veal Muscle 

Kosscl-Block 

Beach 

59 


7,6 

2.4 

9.6 

Lamb Muscle 

Kossel-Block 

Beach 

59 


7.6 

2.4 

8.7 

Pork Muscle 

Kossel-Block 

Beach 

69 


6.6 

2.2 

8.7 

Rat— Normal 

Van Blyke-Pauly 

Roche 

548 

15.8 

9.6 

3.4 

9.9 

Rat — Protein 

Van Slyke-Pauly 

Roche 

548 

16.3 

8.9 

3.3 

5.6 

Starved 








Rabbit Myosin 

Kossel-Block 

Sharp 

575 

16.8 

6.7 

1.6 

9.4 

Rabbit Myogeu 

Kossel-Block 

Sharp 

575 

(16.0) 

6.0 

2.8 

7.7 

Rabbit Muscle 


Kandatu 

349 

(16.0) 

6.9 

1,1 

9.6 

Chicken — light 

Kossel-Block 

Beach 

59 


6.9 

2.3 

8.4 

Chicken — dark 

Kossel-Block 

Beach 

59 


7.1 

2.3 

8.4 

Turtle 

Kossel-Block 

Beach 

59 


6.7 

• 2.3 

7.7 

Mean with 2 XS.E 





7.1±0.5 

2.2±0,4 

8.1±0.6 


MUSCLE PROTEINS 
Basic Amino Acids in Fish Musch PToteins 


Calculated to 16.0 gm. N. 


METHOD 

REFERENCE 

NITROGEN 

ARGININE 

HISTIDINE 

LTSINE 


Kossel-Block 

Abderhalden 

24 

per cent 
13,6 

gm. 

8.0 

gm, 

5.6 

gm. 

9.4 

Cod 

Kossel-Block 

Pottinger 

527 

(16.0) 

5.6 

1.7 

6.8 

Cod 

Kossel-Block 

Pottinger 

627 

j (16.0) 

5.8 

1.4 

6.8 

Croaker 

Kossel-Patten 

Osborne 

493 

1 (16.0) 

6.3 

2.6 

7.5 

Halibut 

Kossel-Block 

Pottinger 

527 

(10.0) 

6.0 

1.7 

0.2 : 

Halibut 

Koseel-Block 

Pottinger 

627 

(16.0) 

6.7 

1.2 

6.4 

Haddock 

Kossel-Block 

Pottinger 

627 

(16.0) 

6.1 

1.6 i 

7.0 

Herring 

Kossel-Block 

Pottinger 

527 

(16.0) 

5.7 

1.4 

7.2 

Lake Trout 

Kossel-Block 

Pottinger 

527 

(16.0) 

5.8 

1.9 

7.1 

Mackerel 

Kossel-Block 

unpublished 


11.6 

5.9 

2,4 

6,7 

Menhaden meal 

Kossel-Block 

Pottinger 

527 

(16.0) 

6.8 

1.6 

6,7 

Mullet 

Kossel-Block 

Pottinger 

627 

(16.0) 

6.6 

1.2 

6.8 

Pilchard 

Kossel-Block 

Pottinger 

627 » 

(16.0) 

6.2 

1.6 

6.7 

Red Snapper 

Kossel-Block 

Pottinger 

527 

(16.0) 

5.4 

1.5 

6.2 

Salmon 

Kossel-Block 

Beach 

59 


6.4 

2.3 

9.0 

Salmon 

Koaael-BIock 

Pottinger 

627 

(16.0) 

4.5 

1.1 

6.5 

Shad 

Kossel-Block 

Pottinger 

627 

(16.0) 

5.9 

1.4 

6.8 

Sea Trout 

“Beat Values” 
Mean with 2XS.E. 



16.0 

6.0 

5.6±1.0 

2.0 

1.9±0.6 

8.0 

6.7±0.4 ; 
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MT^CLE PROTEINS 

Baaic Amino Acids in Crustacean Proteins 


Culeulated to 16,0 gm. N, 


B7BCIE9 

METHOD 

REFERENCE j 

1 

NITROGEN 

AEQININE 

1 1 

HrsTIDlNE 

I.Y8INE 

Clam 

Koaael-piock 

Pottinger 627 ' 

per cent 
(16.0) 

gm. 

5.3 

gm. 

1.5 

gm. 

5.4 

Crab ! 

Kossel-Block 

Pottinger 527 

(16.0) 

7.6 

1,6 

6.4 

Oyster 

Kossel-Block 

Pottinger 627 

(16.0) 

5.7 

1.8 

5.2 

Scallop 

Koaeel-Patten 

Osborne 496 

17.1 

6.9 

1.9 

6.4 

Shrimp ^ 

Koaael'Block 

Pottinger 527 

1 (16.0) 

5.7 

1.8 

1 6.2 

Shrimp 

Koasel-Block 

Beach 59 


6.6 

1.8 

8.3 

“Best Values’* 
Mean with 2XS.E. 



16.0 

6.5 

6.2±0.9 

1.8 

1.7±0.2 

8,0 

1 5. 5 + 0. 5 


MUSCLE PROTEINS 

The relative constancy in the basic amino acids in all types of 
muscle, animal, fish, or crustacean, is noteworthy. 


PLANT PROTEINS 

Dlamino Acids in Aulotravic Organisms (Alpac, Fern, etc.) 


Calculated to 16.0 gm. N. 


OROANtSM 1 

METHOD ' 

REFERENCE 

ARGININE ' 

HISTIDINE 

LYSINE 

1 


1 


gm. 

gm. 

gm. 


Phormidium ' 

Koasel-Block. 

Mazur 442 

4.6 ' 

3.8 

0.0 

Alga 

UlVB 1 

Koaael-Block 

Masur 442 

3.7 

0.7 

0.0 

Alga 

Laminaria 

KoBsel-Elock 

Maaur 442 

8.0 

0.9 

0.0 

Alga 

Sarga&aum 

Kossel'Block 

Mazur 442 

4.0 

1.9 

4.5 

Alga 

Gloeotrichia 

Koasel 

Mazur 443 

1.3 

0.9 

1.7 

1 Alga 

Macrocyetis 

Kossel 

Mazur 443 

4.4 

0.9 

1.6 

Alga 

Lessoniopsia 

Kossel 

Mazur 443 

1.6 

0.7 

6.5 

Alga 

*Fucu8 

Kossel 

Mazur 443 

0.0 

0.6 

6.1 

Alga 

♦Cyatoaeira 

Kossel 

Mazur 443 

0.0 

2.5 

3.5 

Alga 

♦EgTegia 

Koasel 

Mazur 443 

0.0 ' 

2.4 

0.3 

1 Alga 

Caulerpa 

Kossel 

Mazur 443 

3.0 ! 

1.8 

0.0 

1 Alga 

Codium 

Kossel 

Mazur 443 

3.6 

'* 2.7 

4.5 

1 Alga 

Chondrua 

1 Koaael'Block 

Mazur 442 

5.1 

1.1 

3.4 

Irish Moss 

Oamunda 

Koaael'Block 

Mazur 442 

3.8 

2.2 

3.0 

Fern 

Diatoms 

Kossel 

Mazur 443 

0.9 

6.0 ! 

3.7 


Fteridium 

Koaael-Block 

Lugg 433A 

7.6t 

1.4t , 

5.4t 

Fern 


* Th« only known tissue proteins which do not contain arginine (sic). 

t Beat Vftluea. 
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AMINO ACID COMPOSITION 


PLANT PROTEINS 

Diamlno Adda in Corn (Zea Mays) Kerwl Proteins other than Zein 


« Calculated to 16.0 gm. N. 


PROTEIN 

METHOD 

REFERENCE 

NITRO- 

GEN 

ARGI- 

NINE 

HlftTl- 

DINE 

LY8JNE 


1 



per cent 

gm. 

gm. 

gm. 


Corn 

Kossel-Blonk 

unpublished 


4.8 

2.5 

2.9 

yellow 

Corn 

Kossel- Block 

Csonka 181 

1.78 

2.0 

1.0 

1.0 

yellow 

Corn 

Kossel-Block 

unpublished 


3.1 

2.2 

2.1 

white 

Corn 

Kossil'Block 

Csonka 181 

1.71 

1.9 

' 0.8 

1.0 

white 

Gluten 

Kossel-Block 

unpublished 

12.7 

3.1 

1.6 

0.8 

yellow 

Gluten meal 

Kossel-Block 

unpublished 

13.4 

3.2 

1.9 

2,0 

yellow 

Gluten 

Kossel -Block 

unpublished 

10.9 

3.0 

1.6 

1.5 

white 

Germ 

Kossel-Block 

unpublished 

12.8 

8.1 

2.9 

5.8 

yellow 

Germ 

Kossel-Block 

unpublished 

11.8 

5.5 

2.4 

4.2 

white 

Zein residue 

! Kossel-Block 

unpublished 

10.9 

2.9 

1*6 

1.6 

yellow 

Bran 

Kossel-Block 

unpublished 



3.4 


yellow 

Albumins 

Kossel-Block 

unpublished 

13.8 

5.4 

6.7 

lto2 

“steep water” 

Albumins 

Kossel -Patten 

Osborne 490 

(16,0) 

7.1 

3,0 

2.9 

1 NaOH soluble 

Glufelin 

Kosscl-Patten 

Osborne 494 

(17.0) 

6.7 

2,8 

2.8 



PLANT PROTEINS 
Diamino Acids in Edestin 


Calculated to 16.0 gm. N. 


METHOD 

HKFEHENCE 

NITROGEN 

ARGININE 

HISTIDINE 

LYSINE 





per cent 

gm. 

gm. 

gm. 


EJ ect rolyt i c-Kosscl 

Albanese 

27 

17,3 

13.1 

2.5 

1.7 

lysine by N only 

Kossel-Block 

Beach 

55 

17.1 

13.6 

1.4 

1,7 


Kossel-Calvery 

Calvery 

138 


12.8 

3.1 ! 

3.0 


Kossel-Block 

Gordon 

2G1 


14.0 

2.0 

2.0 

arginine directly 

Pauly-Koessler 

Ilanke 

278 

(17,1) 


2.8 



Jansen-Hunter 

Hunter 

313 


13.3 




Kossel-Pauly 

Kiesel 

363 

18,4 

13,3 

3.5 

3.5 


Kossel-Pauly 

Kiesel 

363 

18.4 

13.3 

4.5 

.3.6 

heat cf)agulated 

Kossel-Patlen 

Kossel 

380 

(18.4) 

12.5 

1.8 

1.5 


Kossel -Gross 

Kossel 

384 


12.4 




Kossel-Patten 

Osborne 

494 

18.4 

12.5 

2.1 

1.5 


Sakaguchi 

Sakaguchi 

563 


13.4 




Kossel-Vickery 

Vi ckery 

656 

18.7 

14.3 



direct 

Sakaguchi 

Thomas 

607 

18.4 

16.1 




Kossel-Block 

Tristram 

619 


13.4 

1.8 

2.2 


V''an Slyke 

Van Slyke 

630 


13.5 

3.4 

3.3 


Kossel-Vickery 

i Vickery 

643 

18.4 

13.8 

1.8 

1.9 


Kossel-Vickery 

Vickery 

659 

(18.4) 


2.3 



Kossel-Chibnall 

Chibnall 

160 

18.7 

14.3 

2.1 

2.0 


“Best Values” 



18.7 

: 14.3 

2.3 

2.0 


Mean with 2XS.E. 



! 

13.510.4 

2.310.5 

2.410.5 




DIAMINO ACIDS IN PROTEINS 
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PLANT PROTEINS 
Diaihino Acids in Gliadin 


Calculated to A.O gm, N. 


MSTHOD 

REFEBENCE j 

NITROGEN 

ARGININE 

HISTIDINE 

LYSINE 





per cent 

gm. 

gm. 

gm. 


Kossel-Kutseher 

Abderhalden 

7 

(17.7) 

3.1 

1 1.5 

1 0.0 


Van Slyke 

Cavett 

153 


2.3 

0.9 

1.3 


Jaiisen-Graff 

Graff 

263 


2.7 




Pauly-Koesaler 

Hanke 

280 

(17.7) 


1.9 



Jansen-Hunter 

Hunter 

313 


2.4 




Kosael-Kutscher 

KosBel 

379 

1 (17.7) 

2.5 

1.1 

0.0 


Koasel-Patten 

Osborne 

489 

(17.7) 

2.9 

0.5 ! 

0.0 


Lieben-Loo 

Lieben 

420 

(17.7) 



1.2 

1 

Hakaguebi 

Bakaguclii 

563 


2.5 ' 




Kossel-Kulsch er 

Osborne 

505 

17.5 

1 2.6 

1.4 

O.G 


Van Slyke 1 

Osborne 

505 1 

17.5 

1 

2.0 

1,1 


Van Slyke ^ 

Van Slyke 

630 


2.8 

3.1 

? 


Van Slyke 

Van Slyke 

639 ' 


[O.ll per cent hydroxylysine ' 


Kossel-Vickery 

Vickery 

656 

17.7 

2.3 



direct method 

“Best Values’’ 



17.7 

2.7 

1.9 

? 


Mean with 2XS.E. 




2.6±0.2 

1.6±0.5 

0,5 



PLANT PROTEINS 
Diamino Acids in Grasses 


Calculated to 16.0 gm. N. 


PROTEIN 1 

METHOD 

REFERENCE 

ARGININE 

HISTIDINE 

LYSINE 




gm. 

gm. 

gm. 

Cocksfoot 

Kossel-Vickery 

Miller 451 

6.4 

0.9 

4.1 

Cocksfoot 

Kossel-BIock 

Miller 451 

6.1 

1.3 


Cocksfoot 

Van Slyke 

Miller 451 

6.8 

4.2 

6.8 

Cocksfoot 

Kossel 'Block 

Tristram 619 

7.7 

1.5 

5.3 

Perennial Rye 

Kossel-BIock 

Miller 451 

6.3 

1.6 

4.5 

Perennial Rye 

Kossel-BIock 

Tristram 619 

7.2 

1.4 

5.2 

Italian Rye 

Kossel-BIock 

Tristram 619 

6.7 

1.4 

5.0 

Meadow 

Kossel-BIock 

Miller 451 

j 6.5 

i 1.1 

4.6 

Meadow 

Kossel-BIock 

Tristram 619 1 

8.2 

1.4 ' 

4.7 

Fescue 

Koasel-Block 

Miller 451 

6.0 

1.4 

4.5 

Fescue 

Kossel-BIock 

Tristram 619 

7.3 

1.2 

4.8 

Timothy 

Kossel-BIock 

Miller 451 

6.1 

1.4 

3.8 

Autumn 

Kossel-BIock 

Miller 451 

6.5 

1.1 

4.5 

Dogstail 

Koaael-Block 

Tristram 619 

7,6 

1.5 

4.9 

Lucerne 

Kossel-BIock 

Tristram 619 

7.5 

1.4 

5.9 

“Best Values” 



7.3 

1.6 

5.0 

Mean with 2 XS-E. 



6.9±0.4 

1.5±0.4 

4,9±U.5 


PLANT PROTEINS 
Diamino Acida in Leaf Proteing 


Calculated to 16.0 gm. N. 


PROTEIN 

method 

reference 

nitrogen 

ARGININE 

HISTIDINE 

LYSINE 

Alfalfa 

Clover, red 

Clover, red 

Clover, white 
Spinach 

Beet tope 

Corn leaves 

"Beat Values” 
Mean with 2 XS.E. 

1 Koaael-Block 
Kossel-BIock 
Kossel-BIock 
Kossel-BIock 
Kossel-BIock 
Koasel-Block 
Kossel-Block 

unpublished 
Miller 451 
Tristram 619 
Tristram 619 
Tristram 619 
Tristram 619 
Tristram 019 

per cent 
10.6 

gm. 

4.3 

0.2 

7.4 

7.7 

7.0 

6.5 

7.2 

7.0 

6.6±1.0 

gin. 

2.1 

1.4 

1.4 

0.9 

1.3 

1.4 

1.2 1 

2.1 

1.4±0.3 

gra. 

4.2 

3.7 

6.5 

6.6 

5.2 

6.7 

6,1 

6.4 

6.0±0.4 
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AMmo ACID COMPOSITIOJ^ 


PLANT PROTEINS 

Diamioo Adda in Miscdianeoik Plant Protetna 


Calculated to 16.0 gm, N. 


PLAWT 

METHOD 

BBFBRBMCB 

NITBO- 

QEN 

ABQl- 

nma 

HISTl- 

Dora 

preiNB 






per cent 

gm. 

gm. 

gm. 


Cottonseed 

Kossel-Pattcn 

Osborne 

494 

18.6* 1 

ii.6 

3.0 1 

2.0 

globulin 

Cottonseed 

Van Slyke 

Cavett 

153 


12.2 

2.3 

6.0 

globulin 

Cottonseed 

Kossel-Block 

Fontaine 

238 

17.9 

12.2 

3.0* 

5.2* 

globulin 

Cottonseed 

Van Slyke 

Van Slyke 

639 : 


0.21 per cent HC 

► ' lysine 

globulin 

Cottonseed 

Kossd-Vickery 

Vickery 

656 

18.6 

12.8* 

1 


globulin 

Cottonseed 

Koseel-Block 

unpublished 


10.9 

7.4 

2.6 

2.7 

meal 

Castor bean 

Kossel-BIock 

Tristram 

619 


6.4 

1.3 

5.5 


Linseed 

Kossel-Block 

unpublished 



6.2 

1.8 : 

2.5 

meal 

Peanut 

Van Slyke-Cavett 

Brown 

134 

18.0 i 

11.1 

1.9 i 

4.0 

arachin 

Peanut 

Van Slyke-Cavett 

Brown 

134 

18.0 

12.7 

1.9 

6.0 

conaracbin 

Peanut 

Kossel-Ayre 

Ayre 

38 

7.6 



2.8 

cake 

Peanut 

Koasd-Block 

unpublished 


10.4 1 

9.9 

2.1 

3.0 

meal 

Peanut 

Kossel-Grosa 

Kosael 

384 


19.4 



aracbin 

Peanut 

Kossel-Kutscher 

Johns 

322 

18.3* 

n.o 

1.9* 

1.5 

arachin 

Peanut 

Van Slyke 

Johns 

322 

18.3 

11,9 , 

1.6 

4.4 

arachin 

Peanut 

Koasel-Vickery 

Vickery 

656 

18.3 

12.2*’ 



arachin 

Cucurbit seed 

Kossel-Vickery 

Vickery 

667 

18.5 

13.8to , 



4 species 






15.4 




Soybean 

Kossel-Block 

unpublished 



5.8 

2.3 

6.4 

meal 

Soybean 

Kossel-Pauly 

Kiesel 

362 

17.5 

8.5 

3.3 


glycinin 

Adsuki bean 

Kossel-Kutscher 

Jonas 

341 

1 16.6 

5.1 

1,7 

4.0 

globulin 

Pea 

Kosael-Patten 

Osborne 

491 

17.1 

! 8.3 

2.1 

6,0 

vicilin 

Pea 

Kosael-Patten 

: Osborne 

492 

18.0 

4.9 

2.0 

2.7 

legumelin 

Rubber 

Kossel-Block 

Tristram 

620 

15.0 

j 6.5 

0.6 

' 5.3 


Hordein 

Kossel-Patten 

[ Osborne 

494 

' 17.2* 

2.0 

1.2 

0.0 


Hordein 

Kossel-Kutscher 

Kleinschmidt 

369 

17.2 

2.9* 

0.6 

0,0 


Ricin 

Kosse! 

Karrer 

355 

17.0 

11.7 

0.0 

6.3 

Lysine 









from N 


* “Beat Values," 


PLANT PROTEINS 
Di&mino Adda in Oai and Rice Proteiru 


Calculated to 16.0 gm. N. 


PROTEIN 

METHOD 

BEFESENCB 

NITBO- 

OEN 

AHOI- 

NINB 

HJSTI- 

DINB 

LTSINI 





per cent 

gm. 

gm. 

gm. 


Oats 

Kossel-Block 

unpublished 


5.8 

2.0 

3.3 

Cereal 

Oats — whole 

Kossel-Block 

Csonka 182 


2.1 

0.6 

1.8 

Richland 

Oats — whole 

Kossel-Block 

Csonka 182 


3.7 

0.9 

1.3 

Commercial 

Oats — rolled 

Kossel-Block 

Csonka 182 | 


3.9 

1.3 1 

1,1 


Oats — middlings 

Kossel-Block 

Csonka 182 


3.8 

1.2 

0.6 


Oats — shorts 

Kossel-Block 

Csonka 182 


3.5 

0.7 

1.3 


Rice 

Kossel-Block 

Kik 364 


3.3 

0.8 

3.4 

Whole 

Rice 

Kossel-Block 

Kik 364 


S.9 

1 0.9 

4.4 

Polished 

Rice 

Kossel-Block 

Kik 364 


2.6 

0.7 

3.3 

Bran 

Rice 

Kossel-Block 

Kik 364 


2,2 

0.6 

3.0 

Polish 

Rice 

Kossel-Block 

Kik 304 


3.4 

0.6 

3,6 

Arkansas 166 

Rice 

Kossel-Block 

Kik 364 


3.7 I 

1.1 

4.2 

Sboemed 

Rice 

Kossel-Block 

Kik 364 



0.6 

' 4.1 

Acadia 

Rice 

Kossel-Block* 

Kik 364 


3.9 i 

0.9 

3.9 

Zenith 

Rice 

Koseel-Block 

Kik 864 


3.5 

0.9 

5.1 

Fortuna 

Rice 

Van Slyke 

Osborne 505 

16.7 

8.8 

3.2 

4.1 

Oryienin 

Rice 

Kossel-Block 

unpublished 


7.2 

1.5 

3.2 

Cereal 



DIAMINO ACIDS IN PROTEINS 
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PLANT PROTEINS 

Diamlno Acids in Proteins other than Qliadin 


Calculated^ 16.0 N. 


PRCPTIIK 

UITKOD 

befkrbnce 

NITRO- 

OEN 

ARQI- 

NINE 

HISTI- 

DINE 

LYSINE 






per cent 

gm. 

gm. 

gm. 


Wheat 

KoBsel-Block 

1 unpublished 


3.8* 

2.1* 

2.7* 

Soft Spring 

Wheat 

Kossel-Block 

Csonka 

179 


2.5 

1.4 

(7.3) 

Hard Marquis 

Wheat 

KoBsel-Block 

Caonka 

179 


j 2.3 

0.7 

1 (7.6) 

Hard Tenmarq 

Wheat 

Koesel-BIock 

Csonka 

179 


2.4 

0.6 

(6.0) 

Soft Fulhio 

Gluten 

KosaeLBlock 

unpublished 

13.6 

3.9* 

2.2* 

1.9* 

5 samples 

Gluten 

Kossel'Ayre 

Ayre 

38 ' 

12.6 



1.3 


Gluten 

Kosael-Ayre 

Padoa 

508 ' 


1.9 

1.0 1 

1.2 


Flour 

Kosael'Block 

Csonka 

180 

3.02 

2.2 

1.0 

(6.2) 

Hard Marquis 

Flour 

Kosael'Block 

Csonka 

180 

2.13 

2.5 

0.8 ' 

(6.5) ' 

Hard Tenmarq 

Glutenin 

Koesel-Patten 

Osborne 

489 

17.5 

4.3 

1.6 

1.7 


GluteUn 

Van Slyke 

Csonka 

175 

17.1 

5.8 

3.5 

2.8 


Germ 

Koflsel-Block 

unpublished 


6.0* 

2.5* 

5.5* 


Germ 

Kossel-Patten 

Osborne 

489 

16.8 

5.6 

2.7 

2.7 

Leucosine 

Bran 

Kossel-Block 

Csonka 

180 

2.75 

1.9 

0.3 

(10.8) 

Tenmarq 

Shorta 

Koaael-Block 

Csonka 

180 

3.22 

3.4 

0,3 

(9.9) 

Tenmarq 


PROTEIN j 

METHOD 

Virus 

Sakaguchi, Knoop 

Virus 

Kossel-Vickery 

Virus ' 

Kosael-Pauly 

Virus 

Kossel-Pauly 

Virus 

Kosscl-Pauly 

Virus 

Kossel-Block 

Virus 

; Kossel-Pauly 

Virus 

1 Kossel-Pauly 

Virus 

1 Kossel-Pauly 

Vinis 

Kossel-Pauly 

Allergen 

Kossel-Vickery 

Allergen 

Kossel-Vickery 

Allergen 

Lipoprotein 

Kossel-Vickery 


• "Beat Valuea" 


PLANT PROTEINS 
Biologically Active Substances 
Diamino Acids in Virusee and Aiierpcns 


Calculated to 16.0 gm, N. 


REFERENCE 

NITRO- 

GEN 

ARGI- 

NINE 

HISTI- 

DINE 

LYSINE 



per cent 

gm. 

gm. 

gm. 


Ross 556 

16.0 

9.0 

0.0 


Tobacco mosaic 

Ross 557 

15.9* 

10.1+ 

0.0 

0,0 

“ ” 

Knight 371 

(16.0) 

9.2 

0.0 


Tobacco mosaic 

Knight 371 

(16.0) 

10.0 

0.0 


Yellow aucuba 

Knight 371 

(16.0) 

10.0 

0.0 


Green auouba 

Knight 371 

(16.0) 

9.2 

0.6 


Holmes’ ribgrasa 

Knight 371 

(16.0) 

9.0 

0.0 


Holmes’ masked 

Knight 371 

(16.0) 

9.2 

0.0 


J 14D1 

Knight 371 

1 (16.0) 

8.7 . 

0.0 


Cucumber 1 

Knight 371 

(18,0) 

8.8 

0.0 


Cucumber 3 

Spies 585 

19.8 

27.3 

trace 

3.1 

Cottonseed 

Spies 585 

20.2 

26.3 

trace 

1,3 

Cottonseed 

Spies 685 

11.6 ’ 

40.7 

0.0 

2.8 

Cottonseed 

Balls 48 

17.4 

21.5 






78 


AMINO ACID COMPOSITION 


PLANT PROTEINS 
Diamino Adds in Keosf and Xdd Proteins 


• Calculated to 16.0 gm. N. 



METHOD 

BEFBBEHCB 

NITRO- 

GEN 

ARGI- 

NINE 

HISTI- 

DINE 

LYSINE 





per cent 

gni. 

gm. 

gm. 


Yeast 

Kossel-Rlock 

Block 87 

10.0 

4.7 


G.3 

high protein 

Yeast 

Kossel-Block 

Block 87 

9.0 

4.6 


6.1 

low protein 

Yeast 

Kossel-Block 

Block 87 

8,3 

4.7 


6.3 

starch-free 


Kossel-Block 

Block 87 

8.4 

5.4 


6.3 

(NH0»SO*** 

Yeaat 

Kossel-Block 

Block 87 

8.5 , 

5.3 


6.1 

asparagine** 

Yeast 

Kossel-Block 

unpublished 

14.4 ' 

4.3 : 

3.0 

6.4 

brewer’s 

Yeast 

Kossel-Vickery 

Csonka 178 

(8.0) ! 

2.6 1 


4.3 

brewer's 

Yeast 

Kossel-Block 

unpublished 


4.8 

2.8 

6.5 

brewer's 

Yeast 

Kossel-Block 

unpublished 

! 

4.5 

2.9 

6.9 

brewer's 

Yeast 

Kossel-Block 

Csonka 178 

(8,0) ‘ 

2.7 


6.2 

baker's 

Yeast 

Kossel-Block 

unpublished 


4.1 

2.6 

6.4 

baker's 

Yeast 

Kossel-Knoop 

Woolley 691 



2.1 


baker’s 

Yeast 

Kossel-Block 

unpublished 


4,3 

3.4 

5.1 

“steep-water" 

Mold* 

various 

Woolley 689 

5.15 

1.8 

0,5 

2.6 

asperglllus 

Mean with 

2 XS.E. 



4.3±0.5 

2.8±0.3 

6.0±0.4 


* Not included in Mean 







** Medium 









PLANT PROTEINS 
Diamino Acids in Zei'n 


Calculated to 16.0 gm. N. 


METHOD 

REFERENCE 

NITHO- ^ 
GEN 

ARGI- 

NINE 

HISTI- 

DINE 

LYSINE 





per cent 

gm. 

gm. 

gm. 


Brazier 

Brazier 

129 

17.5 

(0.5) 

1.3 

0.0 


Pauly-Koessler 

Hanke 

280 

15.5 


1.3 



Lieben-l/oo 

Lieben 

420 




^ 0.0 


Kossel-Kutscher 

Kossel 

379 

(16.0) 

1.8 

0.8 

0.0 


Kossel-Patten 

Osborne 

490 

16.1 

1.2 

0.4 

0,0 


Kossel-Patten 

Osborne 

494 

16.1 

1.2 

0.8 

0.0 


Sakaguchi 

Sakaguchi 

56,3 


' 2.0 




Van Slyke 

Van Slyke 

639 


0.31 per cent hydroxylysine 

Kossel-Vickcry 

Vickery 

656 

16.1 

1.6 



i direct method 

Kossel-Vickery 

Vickery 

655 

(16.0) 

1.6 

i 0.8 

0.0 


Kossel-Kutscher (?) 

Leavenworth 

655 

(16.0) 

1.5 

0.8 

0.0 


"Best Values" 



16.1 

1.6 

0.9 

0.0 


Mean with 2 XS.E. 




|1.6±0.2 

0.9±0.2 

0.0 

i 

1 - ■ 


oPLANT PROTEINS 

Plant proteins may vary in composition with species, climate, 
fertilization, etc. 

Autotropic Organisms: These proteins were extracted from the 
dried organisms with hot 90 per cent formic acid. The analytical 
results, if true, indicate that here for the first time we have proteins 
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which are completely devoid of arginine. The reported wide varia- 
tions in the quantities of ly;5ine from 0.0 to 6.5 per cent, is also 
contrary to the usual experience with tissue prhteins of entire plants 
and animals (c/. Lugg, 433A). 

Corn: With the exception of the germ proteins, corn proteins are 
deficient although not lacking in lysine. Corn albumins, '‘steep 
water proteins,” are one of the richest sources of histidine. 

Edestin: Although probably not homogeneous this protein has 
been repeatedly analyzed. It, in common with many other seed 
globulins, is very rich in arginine. 

Gliadin: This alcohol soluble protein from wheat gluten is poor 
in arginine and histidine and is deficient or devoid of lysine. The 
lysine values should be repeated, 

Grasses: These proteins are relatively rich in arginine and contain 
about the same quantities of lysine that are present in corn and 
wheat germs and in soybeans. It is the authors’ opinion that the 
values for histidine will be found to be higher than those given in 
the table when the nitranilic acid method is used in place of the 
difiavianatc procedure. 

Leaf Proteins : These are similar in composition to the grass pro- 
teins and are much superior' in lysine to the commonly used seed 
proteins, i.e., wheat and corn. 

Cottonseed Globulin: This protein contains ample quantities of 
lysine and histidine and is very rich in arginine but unfortunately 
it comprises only approximately 30 per cent of the total proteins 
of the cottonseed. 

Soybean compares in composition with leaf, grass, and germ pro- 
teins and is but slightly, though significantly, inferior to animal 
proteins in lysine. 

Oats and Rice: Our preliminary studies indicate that oat proteins 
are superior in diamino acids, especially lysine, to rice, corn and 
wheat. These results are not in accord with Csonka (182) and 
Kik (364). 

Wheat: Csonka (179) has shown that there are species differences 
in the amino acid composition of whole wheat. Wheat proteins, 
like corn, are low in lysine except the germ proteins which contain 
ample quantities. The values (179) of 6.0 to 7.6 per cent of lysine 
in whole wheat are probably erroneous. • 

Viruses arid Allergens: The relatively high content of arginine 
and the lack of histidine characterizes the chemical composition of 
these biologically active proteins and polypeptides. 

Yeasts: Yeast proteins furnish a relatively large quantity of lysine 
and consequently are of use in improving the nutritive value of 
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bread and similar products. The sample of yeast which was grown 
on ‘‘steep water,” corn albumins, appears to be richer in histidine 
and poorer in lysine lhan the other yeasts. This may be due to the 
inclusion of some of the histidine rich, lysine poor corn albumins 
in the preparation analyzed. The experiment shows the ability 
of microorganisms to convert a biologically poor protein into one 
of high nutritive value. 

Zein: Zein, like gliadin, is deficient in arginine and histidine. It is 
devoid of lysine. 


TfSSUE PROTEINS 

Basic Amino Acids in \fiscellaneous Tissue and Organ Proteins 


Calculated to 16.0 Km. N, 


ORGAN 

METHOD 

REFERENCE 

NITRO- 

ARGI- 

NINE 

HISTI- 

DINE 

LTSINB 





per cent 

gm. 

gm. 

gm. 


Kidney 

Kossel-Biock 

unpublished 

15.6 

6.3 

2.0 

5.2 

Beef 

Kidney 

Koasel-Block 

Block 105 

14.2 

6.3 : 

2.7 

i 6.6 

Human 

Bung 

Kossel'Block 

unpublished 

15.3 

6.5 

2.6 

5.4 

Beef 

Lung 

Kossel-Block 

Beach 59 


6.3 

1,9 

5.8 

Beef 

Lung 

Kossel-Furth 

Ftirth 251 ^ 

(16.0) 

6.5 



Beef 

Pancreas 

Koasel-Block 

unpublished 

15.5 

6.1 

2.7 

5.1 

Beef 

Salivary 01 and 

Kossel-Block 

unpublished 

15.7 i 

6.5 

2.7 

5.8 

Beef 

Spleen 

Koasel-Block 

unpublished 

15.7 

6.3 

2.1 

6.1 

Beef 

Thymus 

Koasel-Block 

unpublished 

15.4 

7.2 

2.4 

, 6.1 

Beef 

Ovaries 

Kossel-Block 

unpublished 

15.8 

6.4 

1.6 

5.0 

Beef 

Testes 

Kossel-Block 

unpublished 

15.4 

6.6 

2.1 

6.1 

Beef 

Heart 

Koasel-Block 

unpublished 

14.8 

6.4 

2.7 

7.4 

Beef 

Heart 

Kossel-Block 

Beach 59 


7.4 

2.1 

7.1 

Beef 

Heart 

Kossel-Furth 

Forth 251 

(16.0) 

6.5 



Beef 

Bladder 

Kossel-Block 

unpublished 

15.9 

6.5 

1.5 

6.0 

1 Beef 

Intestine 

Kossel-Block 

unpublished 

15.3 

7.8 

1.9 

6.0 

Beef 

Stomach 

Kossel-Block 

Beach 59 


6.6 

1,7 

5.8 

Beef 

Protamine 

i Kossel-Grosa 

Kossel 384 


44.2 



Salmon 

Protamine 

Kosae! & Pauly 

Lizzitzin 421 


39.1 

6.2 

6.5 

Sturgeon 



CHAPTER II 

THE AROMATIC AMINO ACIDS 

TYROSINE, TRYPTOPHANE, PHENYLALANINE, DIIODOTYROSINE, 
AND THYROXINE 



Tyrosine 

Trypto- 1 
phane 

Phenyl- 

alanine 

Diiodo- 

tyrosine 

Thyroxine 

Empirical Formula 

CgHuOaN 

CuHuOjNj 

C.HiAN 

CgHgOaNL' 

CuHnO^NL 

Optical form 

1 

1 

1 

i 1 

1 

Molecular Weight 

181.09 

204.11 

165.09 

i 432.91 

776.82 

Carbon 

59.64 

64.67 

65.41 

, 24.97 ' 

23.17 

Hydrogen ! 

6.12 

5.93 ' 

6.72 

2.10 ! 

1.43 

Nitrogen. 

7.74 

13.72 

8.49 

i 3.24 

1.80 

Oxygen ' 

26.50 

15.68 

19.38 1 

i 11.09 

8.24 

Iodine 




58.63 ■ 

65.35 

Melting Point 

CO 

1 

QO 

289° 

283° 

202° 

235-6° 


(cor.) 

(cor.) 

(cor.) 

funoor.) 

(cor.) 


PART I 
HYDROLYSIS 

I NTRODUCTION : Hydrolytic losses have been briefly discussed 
in Chapter I (c/. references to the papers of Kossel and Kutscher 
(379), Hunter and Dauphinee (313), Tristram (619), Roche and 
Blanc- Jean (551), Block and Bolling (105), and others. While the 
literature pertaining to the destruction of the basic amino acids 
during hydrolysis is relatively small, that on tyrosine and especially 
on tryptophane is quite extensive. This is the result of two facts, 
the quantities of the aromatic amino acids are more easily determi- 
nable and secondly, instability of tryptophane, especially to acid 
hydrolysis, was recognized even before its isolation in 1901 by 
Hopkins and Cole (307). 

The earlier literature on this subject has been adequately re- 
viewed by Mitchell and Hamilton (462). Some more recent papers 
pertaining to destruction during protein hydrolysis will be men- 
tioned here. 

Tyrosine: Jorpes (344), in a careful study of the Millon-Folin 
(233) method, found that 91 to 102 per cent or a mean of 95.8 ±0.9 
per cent (17 determinations) of free tyrosine could be recovered 
after heating at 100° for 14 to 18 hours with 5 n NaOH. 

Lugg (430) found that pure tyrosine is completely unaffected by 
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heating for 20 to 30 hours at 100° with 7 n H 2 SO 4 , 5 n NaOH, or 
5.5 N NaOH containing 5 per cent SnCh. However, he showed that 
heating with 7 n H 2 SP 4 in the presence of carbohydrate resulted in 
a considerable destruction of the amino acid. 

Bolling and Block (112), as a result of 38 experiments on the re- 
covery of tyrosine added to lactoglobulin (a protein which appears 
to be devoid of carbohydrate), and 6 experiments with tyrosine 
alone, report a loss of from 11 to 17 per cent of the added tyrosine 
after 5 hour hydrolysis with 5 N NaOH in an oil bath at 115 to 125°. 
They suggest a correction of 1.18, based upon an average recovery 
of 85 per cent, to be applied with this protein and under these con- 
ditions of hydrolysis. 

Tryptophane: The experiments of Homer (305) and of Gortner 
and his associates (c/. 462) showed that tryptophane is destroyed 
by hot mineral acids in the presence of CUSO 4 , Fe 2 (S 04 ) 3 , carbo- 
hydrates, aromatic aldehydes, and aliphatic aldehydes. However, 
in the absence of these mineral salts and aldehydes, tryptophane is 
very resistant to destruction by mineral acids. The findings of 
Homer, in 1915, on the stability of tryptophane to hot sulfuric acid 
(305) have been recently confirmed by Hotchkiss (310) who re- 
ported that only 0.7 per cent of pure tryptophane is destroyed by 
refluxing under CO 2 with 6 n HCl for 24 hours. 

The stability of tryptophane to hot alkalies, even in the presence 
of cupric or ferric ions and aldehyde groups, is considerably greater 
than to acids. Homer (305) fourid that heating at 100° for 20 to 120 
hours with 14 per cent baryta did not destroy tiyptophane in com- 
mercial casein. On the other hand Onslow (483), Kraus (388), and 
Gordon (261 A) reported a considerable destruction of tryptophane 
by hot NaOH, Na 2 C 03 , and Ba(OH) 2 . Onslow (483) noted that the 
quantity of tryptophane destroyed by hot baryta was less in the 
presence of other amino acids. 

Folin and Ciocalteu (232) claimed that hydrolysis of proteins 
with 14 per cent baryta at 100° for 48 hours, according to Homer 
(305), gave low and erratic results. They found, in contrast to 
Homer (305), Kraus (388), Herzfeld, Fiirth and others (cf. 462) 
that “Tryptophane is far more stable in alkaline solutions and less 
stable in acid solutions than has heretofore been recognized.” They 
suggested boiling the protein with 5 n NaOH for 18 to 20 hours 
over a low flame. 

As a result of Folin^s experiments, hydrolysis with 5 N NaOH 
is generally employed. However, Jorpes (344) recovered only 78 
to 98 per cent (mean 82.4 +2.2* per cent) of tryptophane added to 
gelatin after hydrolysis with 5 n NaOH at 100° for 20 hours. Webb 
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and Block (672) determined the comparative effects of hydrolyz- 
ing for 5 hours at 125*^ (oil bath temperature) with 5 n LiOH, KOH, 
NaOH, and 20 per cent Ba(OH )2 and Ce (011)2 (suspension). 
Casein, egg albumin, lactalbumin, gelatin, and serum proteins 
were the test proteins. Recovery experiments with tryptophane 
were run. The results did not indicate the advantage of one alkali 
over another with the exception of Ca(OH )2 which was definitely 
inferior. 

Lugg (430) has reported that the presence of 5 per cent SnCL 
in 5.5 N NaOH reduces the hydrolytic destruction of tryptophane 
in the presence of relatively large quantities of carbohydrate. When 
the protein is heated for 20 to 30 hours at 100° with 5 N NaOH, 
Lugg finds a 6 per cent loss. If the protein is hydrolyzed under 
nitrogen with 5 per cent SnCL in 5.5 N NaOH the loss is reduced 
to 3 per cent. The use of SnCL necessitates the removal of the Sn 
with zinc, a tedious procedure. 

Miller and Lyons (454) on the other hand, claim that trypto- 
phane is progressively destroyed by refluxing with 15 per cent 
H 2 SO 4 , 20 per cent HCl or 10 to 50 per cent Ba(OH) 2 . They say 
that the tryptophane values, obtained on hydrolysis of a protein, 
represent the result of the difference between the amino acid lib- 
erated during, hydrolysis and that destroyed. It should be pointed 
out that Miller and Lyons (454) used the color produced with 
NaOCl to estimate tryptophane. This method has not been gen- 
erally employed. 

Bolling and Block (112) found that varying quantities of trypto- 
phane, added to lactoglobulin, w^ere quantitatively recovered fol- 
lowing hydrolysis with 5 n N aOH at 1 15 to 125° oil bath tempera- 
ture. Both the Folin phenol (233) and Millon-Lugg (429) methods 
were employed and the analytical results were subjected to sta- 
tistical analysis. However, this finding cannot be generalized as 
lactoglobulin is devoid or almost devoid of carbohydrate. 

Phenylalanine: The chemical formula of this amino acid suggests 
stability. It was, therefore, somewhat of a surprise that Block, 
Jervis, Bolling, and Webb (105) found that casein, egg albumin, 
lactalbumin, gelatin, and serum proteins gave more phenylalanine 
after hydrolysis with 5 N NaOH than with 8 n H 2 SO 4 , 20 per cent 
HCl, HCl-HCOOH, and especially 57 per cent HI. The slight 
superiority of NaOH hydrolysis over acid hydrolysis was confirmed 
by Fontaine, Olcott, and Lowy (238) and by Knight and Stanley 
(370). The latter investigators made the interesting observation 
that the presence of relatively large quantities of tryptophane (4 
to 5 per cent) in the protein results in high phenylalanine values. 
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Therefore, the quantity of phenylalanine found must be corrected 
by subtracting a value corresponding to the amount of tryptophane 
present in the aliquot of the solution taken for analysis. 

Bolling (112) has confirmed the earlier findings that alkaline 
hydrolysates (5 hours) may contain slightly more phenylalanine 
than acid hydrolysates (18 hours). The addition of 2 and 4 per cent 
of phenylalanine to lactoglobulin before acid hydrolysis gave 95 
and 92 per cent recoveries. Howaver, these losses were not statis- 
tically significant (critical ratios less than 3.3). The addition of 12 
per cent of the weight of the protein as phenylalanine resulted in 
only an 87 per cent recovery. This loss was significant (critical ratio 
8.1). On the other hand, Bolling's experiments (113) indicated that 
when phenylalanine is heated at 110 to 115° for 5 hours with 5 N 
NaOH it is destroyed or so changed as not to be estimated by the 
Kapeller-Adler method. The amount of destruction increases as 
the percentage of phenylalanine in terms of protein hydrolyzed is 
increased. Thus, when 2 per cent of phenylalanine was added to 
lactoglobulin before hydrolysis, approximately 90 per cent was re- 
covered, 4 per cent of phenylalanine gave a recovery of approxi- 
mately 80 per cent, while the addition of 12 per cent of phenyl- 
alanine, resulted in the recovery of only 70 per cent. In the absence 
of protein, the loss was much greater. When 4 mg. of, phenylalanine 
were heated at 110 to 115° (oil bath temperature) with 8 ml. of 
5 N NaOH for 5 hours, only 25 per cent of the phenylalanine could 
be found. 

Comment: It is apparent from the above discussion that destruc- 
tion of tyrosine, tryptophane, and phenylalanine can and often 
does occur during hydrolysis. The amount of destruction is de- 
pendent upon the conditions in the hydrolysate, this includes 
strength of acid or alkali, time and temperature of hydrolysis, 
presence or absence of oxygen and oxygen carriers, presence of 
aldehydes, and the ratio of the amino acid in question to undecom- 
posed protein and to the liberated amino acids. 

It is thus unwise to suggest certain hydrolytic conditions or a 
constant correction factor but for greatest accuracy several meth- 
ods of hydrolysis and the addition of varying quantities of the 
amino acids to be determined both before and after hydrolysis is ad- 
vised. For routine work, 5 hour hydrolysis with an excess of 
5 N NaOH at 115 to 125° usually yields satisfactory results for the 
aromatic amino acids. 
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PART II 

THE DETERMINATION OF TYROSINE*" 

1. Isoelectric Precipitation 

Principle: The fact that tyrosine is only slightly soluble in 
neutral or faintly acid aqueous solutions was the basis for the iso- 
lation and identification of this amino acid and was used by the 
earlier protein analysts to estimate the minimal quantity of tyro- 
sine present in a protein hydrolysate. After hydrolysis, the excess 
acid was removed and the amino acid solution was adjusted to neu- 
trality with ammonia. The filtrate was concentrated and the pre- 
cipitate of crude tyrosine was removed. The filtrate was further 
concentrated and a second crop was obtained. This process was 
supposed to be repeated until the mother liquor gave a negative 
Millon’s test, a goal which, however, was seldom realized. The 
crude tyrosine was purified by recrystallization. 

Comment: This method which gave minimal values and required 
large quantities of protein is rarely employed at the present time. 

2, Reaction with Mercury Salts and Nitrous 
Acid (Millon, 456) 

Historical: In 1849, M. E. Millon (456) showed that when mer- 
cury is dissolved in an equal weight of nitric acid and 4^ equiva- 
lents of water are added, the resulting mixture which contains 
Hg(N 03 ) 2 , HgNOs, HgNCb, HNOs, HNO 3 , etc. gave a red precipi- 
tate when warmed with proteins and a stable red solution when 
warmed with both acid and alkaline protein hydrolysates. Hoff- 
mann (301) independently, in 1853 showed that tyrosine gave a 
red color when warmed with IIgN02 in IINO 3 . Some years later 
Nasse (472) showed that when tyrosine and other phenols were 
allowed to remain in contact with mercuric salts for some time and 
then treated with a dilute solution of NaNOa, the typical red color 
of Millon developed. 

Millon’s solution became popular for the qualitative detection of 
tyrosine in proteins and protein hydrolysates because of its sensi- 
tivity, but although it was used as the basis for the quantitative 

* Recommended methods, are starred. 

• Only those methods which do not include the simultaneous estimation of 
tryptophane will be discussed in this section. 
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determination of phenols in industrial processes, it was not until 
1919 that Weiss (675^ attempted to use the Millon-Nasse reaction 
(HgS 04 in H 2 SO 4 plus NaN 02 ) for the quantitative estimation of 
tyrosine in protein hydrolysates. 

A. Zuwerkalow^s Modification of the Millon-Weiss Reaction (699) 

Principle: The protein is not hydrolyzed but merely dissolved in 
dilute NaOH. 

Method: 10 mg. of protein are dissolved in 1 ml. of 5 per cent 
NaOH and warmed if necessary. To this solution, 3 ml. of acetic 
acid, 2 ml, of 10 per cent HgS 04 in 5 per cent H 2 SO 4 and 1 drop of 
0.5 per cent NaN 02 are added in order. The solution is gently 
warmed, but not boiled over a flame. The color is read against a 
tyrosine standard. 

Comment: It appears to the authors that the presence of trypto- 
phane may lead to high results. 

*B. Bernharfs Modification of the Millon-Weiss Method (72) 

Principle: The protein is hydrolyzed with NaOH, an excess of 
HgS 04 in H2SO4 reagent is added (Hopkins and Cole, 307), and 
tyrosine is estimated colorimetrically in the filtrate by the addition 
of HONO. Tryptophane mercury complex is removed by cen- 
trifuging, 

Method: 10 mg. of protein are heated with 0.2 ml. of 6 n NaOH 
in boiling water for 4 to 5 hours. The hydrolysate is cooled and 
acidified with 0.3 ml. of 7 n H2SO4 and 1.5 ml. of 15 per cent 
HgS 04 in 5 K H 2 SO 4 are added. The tube is heated for 10 minutes 
in boiling water. The solution is then cooled, 1 ml. of 7 N H 2 SO 4 
and 1 ml. of 0.2 per cent NaN 02 are added. The solution is shaken 
and diluted to 10 ml. with H 2 O. The precipitate of tryptophane 
mercury complex is removed by centrifuging. The color is read 
with a 520 mu filter. 

Comment: Although Flirth (248) has claimed that the Millon 
methods for estimating tyrosine in proteins do not yield absolute 
values and are only useful for comparative results, it has been the 
authors’ experience that the methods will determine with consid- 
erable accuracy the quantity of phenolic groups present in the 
hydrolysates of most purified proteins. 

C. Furth and FischePs Adaptation of the Millon Reaction (250) 

Reagents: Millon’s reagent. 1 part of Hg is dissolved in 2 parts by 
weight of HNO3 (sp. gr. 1.42). The solution is then diluted with 2 
volumes of water. 
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Method: 1. Hydrolysis. 2..^ gm. of protein are hydrolyzed for 12 * 
hours under reflux with 3.5 ml. of H2SO4 and*22.5 ml. of H2O. The 
solution is diluted to 50 ml. 

2. Precipitation with Phospho tungstic Acid. A 20 ml. aliquot of 
the hydrolysate is treated with 20 to 40 ml. of 20 per cent phospho- 
24-tungstic acid. The precipitate is allowed to form for several days 
before it is filtered off. The excess phosphotungstic acid is removed 
from the filtrate with 5 per cent quinine sulfate in 5 per cent HCl 
and the excess quinine is precipitated by making the filtrate alka- 
line with NaOH. 

3. Development of Color. To 10 ml. of the above solution, 2 ml. 
of Millon^s reagent are added. The reaction is allowed to take place 
at room temperature until maximum color has developed and then 
read as usual. 

Comment: Leipert and Alcock (413) add HgS04 in H2SO4 and 
NaN02 directly to the phosphotungstic acid filtrate without re- 
moving the excess reagent. 

3. The Diazo Reaction for Tyrosine (Pauly, 513, 514) 

For the historical basis and structural formulae c/. Chapter I, 
Part III. 

A. Hanke's adaptation of the Pauly Reaction for Tyrosine (279) 

Principle: Histidine is removed from the hydrolysate by pre- 
cipitation with Ag2S04 and Ba(OH)2. Tyrosine is precipitated from 
this filtrate with mercuric acetate and sodiurfi chloride. The puri- 
fied tyrosine solution is diazotized with the Weiss-Ssobolew reagent 
(674, cf. Chapter I, Part III, 279, 281, 375). 

Tyrosine Mercury Complex HgCl > HgCl 

H0C6H4CH2CHN^00H ‘ 

Method: Histidine is precipitated from an H2SO4 hydrolysate of 
5 gm. of protein with Ag20-Ba(0H)2 according to the usual Kossel 
method (cf. Chapter I). The filtrate is immediately acidified to 
prevent the loss of tyrosine by oxidation by AgsO. After removal 
of reagents with HCl and H2SO4, the amino acid solution is evap- 
orated to dryness. The residue is dissolved in 75 ml. of water, 1 
ml.' of glacial acetic acid and 3.5 gm. of mercuric acetate are added. 
The solution is boiled for 10 minutes under reflux. Cooled and 7.5 
gm. of NaCl are added. The precipitate of tyrosine mercuric chlo- 
ride complex, after remaining in the cold for 2 hours, is removed by 
centrifugation and is washed with 25 ml. of 10 per cent NaCl. The 
precipitate is decomposed with hot 20 per cent HCl and the Hg 
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‘is removed with HaS. After concentrating to dryness, the residue is 
taken up in water an(^ a small aliquot is used for the determination 
of tyrosine by the Koessler-Hanke (375) modification of the 
Pauly- Weiss method (513, 674), cf. Chapter I, Part III, The Diazo 
Reaction. 

Comment: The tyrosine values obtained by the diazo method 
were lower than those reported about the same time by Folin and 
Looney (231). This led to a rather acrimonious debate over the 
value of the Pauly, phenol, and Millon reactions for the deter- 
mination of tyrosine. As a result Hanke (388) admitted that some 
tyrosine was lost by the Ag 2 S 04 -Ba( 01 I )2 precipitation but he also 
showed that the tyrosine results found by the Folin phenol method 
were too high. 

It appears to the authors that if the histidine were precipitated 
with silver at pH 7 or with HgCh in neutral or very faintly alkaline 
solution (Kossel, 378) and then the tyrosine were precipitated in 
acid medium (mercuric acetate-NaCl), the Pauly-Hanke method 
would prove to be of considerable value. 

4. Reaction with Nitkosonaphthol in Nitric Acid 
(Gbrngross, 256) 

Principle: Gerngross, Voss and Ilerfelt (256) noticed that a red 
color was produced when some lINOs was accidentally spilt on the 
skin on which some l,2,nitrosonaphthol was already present. 

Method: 3 mg. of protein are dissolved by warming in 3 ml. of 
dilute NaOH or HCf. The solution is neutralized and 1 drop of 
0.1 per cent l,2,nitrosonaphthol followed by 6 drops or more of 
concentrated HNOs are added. The solution is boiled and the color 
is read against a 1:1,000,000 tyrosine standard treated in the 
same way. 

Comment: It is claimed that the reaction is specific for p-alkyl- 
ated phenols. As far as the authors are aware, this promising test 
has not been studied by other investigators. 
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PART III 

THE DETERMINATION OF TRYPTOPHANE* 

1. Isolation (Hopkins and Cole, 307) 

Principle: The protein is digested with trypsin. Tryptophane is 
precipitated from the digest with 10 per cent HgS04 in H2SO4 and 
is isolated after decomposing the mercury complex. 

Reagents: Hopkins-Cole or Deniges. 250 ml. of concentrated 
H2SO4 are added to 4,750 ml. of water, then 500 gm. of HgS04 are 
added in 10 fifty gm. portions until all of it has dissolved. The small 
residue is removed by filtration. 

Comment: This method, which was used by the discoverers of 
tryptophane, would have little except historical interest but for 
their report that 1.5 per cent of tryptophane was isolated from 
casein. This value is equal or higher than many colorimetric results 
and has been exceeded by only one investigator, Dakin (183), who 
isolated 1.7 per cent of tryptophane from casein. 

In both of 'these cases commercial trypsin was used. Hopkins 
and Cole (307) used 400 ml. of liquor pancreaticus per kg. of casein 
and Dakin (183) employed, an unstated quantity of pancreas ex- 
tract. It seems reasonable to assume that during these long diges- 
tions (7 to 14 days) a considerable proportion of the pancreatic 
proteins were also hydrolyzed. The tryptophane so liberated would 
have been calculated as derived from casein. The presence of 1.4 
per cent of tryptophane in pancreas proteins may account for the 
fact that more tryptophane was actually isolated from “casein^’ 
than has been shown to be present by somq of the more accurate 
colorimetric methods. In an attempt to clear up this discrepancy, 
Shaw and McFarlane (577) w^ere able to isolate less than 1 per cent 
of tryptophane in casein after tryptic digestion. A value which was 
but slightly lower than found colorimetrically. 

2. Reaction with Glyoxylic Acid (Hopkins and Cole, 306) 

Historical: The beautiful demonstration in 1901 by F. G. Hop- 
kins and S. W. Cole (306) that glyoxylic acid was the essential 
component in the glacial acetic acid test of Adamkiewicz is too 
well known to warrant elaboration. 

* Only thos6 mothods which do not include the siinult£ineous estiina-tion of 
tyrosine will be discussed in this section. 
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A. Cary’s Application of the Hopkins-Cole Method (149) 

Principle: Tryptophane is precipitkted with mercuric sulfate in 
H2SO4. The precipita*te is suspended in strong H2SO4 and glyoxylic 
acid is added. 

Reagents: Glyoxylic Acid Reagent. 100 ml. of saturated oxalic 
acid are reduced wdth 6 gm. of 5 per cent Na-Hg amalgam. One 
ml. of the clear filtrate is added to a mixture of 20 ml. of diluted 
H 2 SO 4 (21 ml. of H 2 SO 4 plus 5 ml. of H 2 O). 

Method: Tryptophane is precipitated with 15 per cent HgS 04 
in 5 per cent (by volume) of H2SO4. The precipitate is suspended in 
20 ml. of glyoxylic acid reagent. Four drops of 25 per cent HgS 04 
in 10 per cent H 2 SO 4 are added and the color is allowed to develop 
at room temperature for 48 hours. It is read against a standard. 

Comment: Like other tryptophane tests, this reaction is given by 
indols. 

B. Brice’s Use of the Glyoxylic Acid Method (132) 

Method: To 1 ml. of unknown add 1 ml. of aqueous glyoxylic 
acid and 3 ml. of concentrated H2SO4. The latter should be added 
slowly with shaking. Stand several minutes, cool, and read. Use 
tryptophane as the standard. 

C. Winkler’s Modification of the Hopkins-Cole Procedure (682) 

Principle: Small amounts of copper sulfate greatly enhance the 
amount of color given by the Hopkins' glyoxylic acid method. 

Reagent: Glyoxylic Acid according to Benedict (61). To. 10 gm. 
of powdered Mg, add sufficient water to cover the same. Then add 
250 ml. of cold saturated oxalic acid. Cool under the tap during 
slow addition. When the reaction has ceased, remove the magnesium 
oxalate. Wash the precipitate with a little water, acidify the filtrate 
and washing with acetic acid and dilute to 1 liter. 

Method: Dissolve 10 mg. of protein in HCOOH or NaOH and 
dilute to a convenient volume. To 0.1 to 2.5 ml. of unknown, con- 
taining 0.005 to 0.150 mg. of tryptophane, add with agitation 0.50 
ml. of glyoxylic acid-copper sulfate (2 parts of Benedict's glyoxylic 
acid plus 3 parts of m/ 100 CUSO 4 ). Dilute with water to 3 ml., cool 
to —10'^ and add 5 ml. of cold concentrated H 2 SO 4 at such a rate 
that the solution does not get warm. Stand at room temperature at 
least 3 to 4 hours, then ‘heat in a boiling water bath for 5 minutes 
and read the color with 530 mu filter. 

Comment: Small quantities of CUSO 4 increase the sensitivity of 
the glyoxylic acid test from 1 : 200,000 to 1 : 1 , 000 , 000 . The pres- 
ence of traces of copper in the reagents may explain previous 
difi^iculties with the Hopkins-Cole methods. 



THE DETERMINATION OF TRYPTOPHANE 


91 


*D. Shaw and MacF aricine* s Modification of the Hopkins- 
Winkler Procedure (576)# 

Reagents: Glyoxylic Acid. Treat 100 ml. of 5 per cent aqueous 
oxalic acid with 3.0 ml. of n/S HgCla and a few pieces of Al wire. 
Place in a boiling water bath for 5 minutes after the appearance of 
bubbles on the Al wire, Stand at room temperature for 5 minutes, 
filter, and add 2.0 ml. of II2S04- Keep cold. 

Method: 1. Hydrolysis. Dissolve 10 mg. of protein in 10 or 20 
per cent NaOH by warming in 5 per cent formic acid, or by the 
usual hydrolysis with 5 N NaOH or saturated baryta. 

2. Development of Color. To 0.1 to 2.0 ml. of unknown, con- 
taining 0.005 to 0.150 mg. of tryptophane, add 0.50 ml. of glyoxylic 
acid and 0,50 ml. of m/25 CuSOi. Dilute to 3 ml. Cool thoroughly 
in an ice bath. Add 0.5, 1,0, 1.5, and 2,0 ml. portions of concen- 
trated H2S04 from a burette with cooling between each addition. 
Stand at room temperature for 10 minutes, heat in boiling water for 
5 minutes, cool and dilute to 10 ml. with 5:3 (by volume) of 
112804. Read in 15 minutes using both filters 540 mu and 520 mu. 
Each reading should check its respective curve; if not, interfering 
substances are assumed to be present. 

Comment: HopkinS and Cole (306) pointed out that H2O2 inter- 
feres with the tryptophane-glyoxylic acid reaction. 

3. Reaction of Tryptophane with Aldehydes (Voisenet, 
Rhode, 665, 545) 

Historical: Following the demonstration of Hopkins and Cole 
(306) in 1901 that tryptophane gave a color with glyoxylic acid in 
the presence of H2SO4, Voisenet (665), in 1905, showed that pro- 
teins, indole, skatol, etc. gave highly colored solutions when treated 
with KNO3, concentrated HCl and various aliphatic and aromatic 
aldehydes. Voisenet used HCHO, CH3CHO and its polymers, 
chloral, higher aliphatic aldehydes including glucose, CaHsCHO, 
HPC6H4CHO and other aromatic aldehydes. Concentrated H2SO4 
can be used in place of HCl. 

Rhode (545), in the same year, reported that proteins gave a red 
color with 5 per cent p-dimcthylaminoben?aldehyde in 10 per cent 
H2SO4 when concentrated HCl was added. Other aromatic alde- 
hydes such as vanillin (m-methoxy, p-hydroxybenzaldehyde) and 
p-nitrobenzaldehyde can be used in place of Ehrlich’s reagent. 

Numerous investigators have used the Voisenet-Rhode reactions 
as the basis for the determination of tryptophane in proteins and 
indoles in biological material. 
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A. Thomas’s Application of the V oisenet-Rhode Reaction (608) 

Principle: The protein is hydrolyzed' with trypsin before treat- 
ment with the colorjeagent. 

Method: 1. Hydrolysis. 400 mg. of protein are dissolved in 200 
ml. of 0.5 per cent NajCOs and digested with 100 mg. of pancreatin 
at 37° until the maximum quantity of tryptophane is liberated as 
indicated by the HOBr-HBr test, 5 to 7 days. 

2. Development of Color. The digest is filtered. A 50 ml. ali- 
quot is treated with 10 ml. of 2 per cent p-(CH 3 ) 2 N-C 6 H 4 CHO in 
20 per cent HCl and made up to 100 ml. with concentrated HCl. 
The solution is allowed to stand for 48 hours and compared with a 
standard prepared in the same way and allowed to stand under the 
same conditions of light and temperature. 

B. May and Rose’s Modification of the Voisenet-Rhode Reaction 

(440) 

Method: 50 to 100 mg. of protein are weighed into a flask and 
exactly 100 ml. of 1:1 HCl, containing 1 ml. of 5 per cent p-di- 
methylaminobenzaldehyde in 10 per cent H 2 SO 4 , is added. The 
solution is placed at 35° for 24 hours and then at room temperature 
for 40 hours longer. The blue color is compared with^jcasein treated 
in the same way. Casein is assumed to have 1.5 per cent of trypto- 
phane. 

Comment: Holm and Greenbank (303) warm at 37° for 8 to 10 
days and compare with the color produced by tryptophane 
standards. 

C. Furth and Dische’s Modification of the Voisenei Reaction (249) 

Method: Treat 2 ml. of solution containing 2 mg. of protein in 30 
per cent KOH with several drops of 2.5 per cent HCHO and add 
15 ml. of pure HCl (sp. gr. 1.175). Mix, wait 10 minutes and add 10 
drops of 0.05 per cent NaNOa and then concentrated HCl to 20 ml. 
Filter and read. Add a few drops more of NaN 02 to be sure that 
maximum color has been achieved. 

*D. Kraus’s Adaptation of the Voisenet-Rhode Reaction (388, 389) 

Principle: The protein is hydrolyzed, any indole or skatole which 
may have been formed during the hydrolysis is removed by extrac- 
tion with toluene, and the tryptophane is precipitated with mer- 
■ curie sulfate. Vanillin is used as the color reagent. 

Method: 1 . Hydrolysis. The protein is hydrolyzed with 14 per 
cent baryta at 100° (boiling water) for 40 hours or with pancreatin 
{cf. Thomas, 608) for 5 days. 
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2. Precipitation. An aliquot of the hydrolysate, containing 0.2 
to 1.0 mg. of tryptophane fs precipitated with 15 per cent HgSOi 
in 5 per cent H2SO4. After standing for 2 h 6 urs, the precipitate is 
removed by centrifuging and washed with Denig^’ reagent. The 
precipitate is suspended in 1 ml. of 2 per cent HgS 04 , 0.4 ml. of 
0.5 per cent vanillin in 50 per cent acetic acid, and 12 ml. of con- 
centrated HCl are added. The color is read after 24 hours. 

Comment: The reaction can be carried out directly on the protein 
hydrolysate. Kraus (388) reported that the loss during baryta 
hydrolysis was 20 per cent by the Voisenet-Rhode procedure and 
7 per cent by the Folin phenol method. On the other hand, Fiirth 
and Dische (249) have claimed that tryptophane is very stable to 
alkaline hydrolysis in the presence of other amino acids. 

In cases where the tryptophane is low 0.2 mg. of the amino acid 
are added before HgS 04 precipitation. If the tyrosine concentration 
is high relative to tryptophane, it may be precipitated to a certain 
extent by HgS 04 . It is claimed that NaCl interfered with the pre- 
cipitation of tryptophane by mercuric sulfate, the authors have 
not been able to substantiate this report, 

E, Komm^s Adaptation of the Voisenet-Rhode Reaction (377) 

Principle:* Aldehydes condense with free tryptophane and tryp- 
tophane in proteins at different rates. It is, therefore, undesirable 
to use free tryptophane as a standard in the Yoisenet-Rhode 
methods unless a tryptophane-free protein such as gelatin is used 
in preparing the standard. 

Method: 20 to 50 mg. of protein are suspended in 2 ml. of water. 
2 ml. of either 0.25 per cent (CH 3 ) 2 N ■ C 6 H 4 ■ CHO in 10 per cent HCl 
or 3.75 per cent of HCHO in 10 per cent HCl are added. Then 5 
or 6 ml. of 10 per cent HCl and 1 ml. of 5 per cent gelatin in 10 
per cent HCl are added. 10 ml. of concentrated H 2 SO 4 are run down 
the side of the tube and carefully mixed with the aqueous layer. 
The solution is cooled, after 20 minutes, the color is read against a 
tryptophane standard treated in the same way. 

Comment: The values with both aldehydes should give closely 
checking results. 

F. The Voisenet-Rhode Reaction as Used by Tomiyama and 

Shigematsu (614) 

Method: Dissolve 50 mg. of protein (casein) in 2 ml. of 0,2 per 
cent NaOH at SO'", cool and add 100 ml. of 19 per cent HCl and 
1 ml. of 5 per cent p-dimethylaminobenzalde^hyde in 10 per cent 
H 2 SO 4 . Incubate at 30° until maximum color. Treat tryptophane 
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in the same way to prepare a calibration curve or to standardize 
a solution of molybdenum blue. < 

G. The Bates Adaptation of the V oisenet-Rhode Method (54) 

Method: Dissolve 50 mg, of protein (casein) in 2 ml. of 0.1 N 
NaOH, and add 0.5 ml. of 5 per cent dimethylaminobenzaldehyde, 
0.2 ml. of 1 per cent NaN02, and 25 ml. of concentrated HCl. 
Stand 15 minutes and dilute to 50 ml. with water. Read after 15 
minutes. 

H. Sullivan^ MilonCf and EveriWs Modification of the Voisenet- 
Bhode Reaction (599) 

Method: Place 100 mg. of casein in a 250 ml. Erlenmeyer flask 
and add 99 ml. of 17.5 per cent HCl and 1 ml. of 5 per cent p-di- 
methylaminobenzaldehyde in 10 per cent H2SO4. Maintain the 
solution at 85° for 15 minutes. Then introduce 0.3 ml. of 0.3 per 
cent of H2O2. Shake. Cool and read against a standard prepared 
from casein by May and Rosens (440) adaptation of the Voisenet- 
Rhode reaction. 

Comment on Aldehyde Methods for Tryptophane 

The large number of methods which have been»proposed for 
the quantitative determination of tryptophane in proteins based 
upon the reactions of Hopkins and Cole and Voisenet and Rhode^ 
indicate that these methods give promise of simplicity and accuracy 
without, however, completely achieving this goal. 

Voisenet (665) pointed out that oxidizing agents (KNO3) in- 
creased color formation while Thomas (608) showed the importance 
of carrying out .the reaction under carefully controlled conditions, 
not only with respect to the reagents used but to the temperature 
and quantity of light to which the reaction mixture was exposed 
during the development of color. Furth and Dische (249) showed 
that the production of color was a function of the quantities of 
water and nitrous acid present as well as the presence or absence 
of a protective colloid. They claimed that small changes in the H2O 
content of the reaction mixture had a much greater destructive 
action on the blue color developed in the absence of colloids than 
in their presence. This would give the illusion of more tryptophane 
in the intact protein than after hydrolysis. 

Rapoport and Eichinger (538) showed that the Voisenet color 
varies with the strength of the NaOH used to dissolve the protein 
and with the concentration of ECHO used. Boyd’s careful investi- 
gation (117) of the Voisenet-Rhode methods showed that color 



THE DETERMINATION OF TRYPTOPHANE 


95 


formation was a function of the quantities of oxidizing (NaNOz, 
NaNOa, H 2 O 2 ; etc.) and redubing (HCHO, glucose, etc.) substances 
present in the reaction mixture, to exposure 'to light, to the pres- 
ence of toluene and other chemicals, etc. The total color formed at 
any time is the resultant of increasing color with time minus the 
amount of fading. Boyd (117) found a further complicating factor, 
different proteins produced colors of different tints. 

Shaw and McFarlane (577) in 1940 compared the Voisenet- 
Rhode reaction (p-dimethylaminobenzaldehyde with H 2 O 2 as the 
oxidizing agent) with the Hopkins-Cole glyoxylic acid method. 
Tryptophane was used as the standard. Their results follow: 


Substance 

TRYPTOPHANE 

Voisenet-Rhode 

Hopkins-Cole 


24 hr. at 37® 

15 min. at 85° 

(c/. 576) 


per cent 

per cent 

1 per cent 

Casein 

2.4 

2.5 

1.2 

Casein hydrolyzed 

1.3 

1.9 

1.2 

Ede.stin 

2.6 


1.3 

Tryptophane 

1.0 

1.5 

1.0 

Tryptophylglyeine 

1.3 

2.0 

1.0 

Glyoyltryptophane 

1.4 

2.0 

1.0 

Acetyltryptopha'ne 

1.4 

2.0 

1.0 


In conclusion it should be pointed out that all these aldehyde . 
tests are for the indole ring and are not specific for tryptophane 
except in the absence of other indole compounds. 


4. Other Colorimetric Tests for Tryptophane 
Historical: The formation of colored compounds when indole 
derivatives are treated with oxidizing agents (CaOCb, KNO 2 , 
FeCfi, CUSO 4 , etc.) in acid solution has been known since the' 
studies of Jaff6, Obermayer, Salkowski, and others on urinary 
indican, indoxylsulfuric acid. Jolles (337) showed that in dican gave 
a strong stable color when treated with Obermayer^s reagent 
(FeCh in HCl) in the presence of thymol or other phenols. Many of 
these indole reactions have been reviewed by Homer (304), 

A. Miller and Lyons’ NaOCl Reaction (453, 454) 
Procedure: 5 ml. aliquots of a neutralised protein hydrolysate, 
containing about 0.7 mg. of tryptophane are treated with 0.2 to 
1.8 ml. of 0.15 per cent NaOCl in 0.2 ml. increments. Then 5 or 
10 drops of 0.4 n-HCI are added and the tubes with the most 
color are immediately extracted with isoamyl alcohol. The color is 
read against a tryptophane standard prepared in the same way. 
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Comment: Miller and Lyons originally used Engel’s NaOCl- 
CbHsOH test and later observed thkt the reaction took place as 
well in the absence of carbolic acid or other phenols. 

B. Albariese and Frankston^s Adaptation of the Jolles Test (28) 

Method: 1. Hydrolysis. Hydrolyze 1 gm. of protein for 20 to 22 
hours with 5 ml. of 20 per cent NaOH. Neutralize to pu 1 with 
acetic acid and dilute so that 1 mg. of tryptophane is present in 
each 2 ml. of solution. 

2. Development of Color. To 2 ml. of hydrolysate, add 0.3 ml. 
of 3 per cent NaN02, 0.1 ml. of 10 per cent acetic acid. Shake in- 
termittently for 10 minutes, add 0.3 ml. of 1 per cent K 2 S 2 O 8 , 
0.5 ml. of 1 per cent thymol in 95 per cent ethanol and 5 ml. of a 
mixture of 3 parts of 40 per cent trichloracetic acid and 2 parts of 
concentrated HCl. Mix after each addition. Place in a boiling water 
for 5 minutes, cool in an ice bath for 5 minutes, remove the color- 
less aqueous layer by a pipette, dilute the colored layer to 5 ml. 
with glacial acetic acid and read using 540 mu filter. 

Comment: The Miller-Lyons and Jolles-Albanese methods, like 
the aldehyde procedures, are not specific for tryptophane, but give 
colored products with other indole containing compounds. 

C. NicoVs Reaction (480) 

Principle: Tryptophane is treated with nitrous acid and the re- 
sulting product is condensed with N(l-naphthyl)-ethylenediamine 
to give a red color. 

Reagents: 0,1 per cent N(l-naphthyl)-ethylenediamine dihydro- 
chloride is prepared in a dark bottle and kept in a cool place. 

Method: Add 1 ml. of 1 per cent NaN02 to 5 ml. of the hydrol- 
ysate containing 0.1 to 0.3 mg. of tryptophane in 1.2 N HCI. 
Stand 30 minutes. Swirl occasionally. Add 4 ml. of 4 per cent am- 
monium sulfamate, mix, and stand 10 minutes. Then add 10 ml. 
of water and 5 ml. of the color reagent. Stand 30 to 60 minutes. 
Read using a 560 mu filter. 

Comment: If interfering colors are present, the red dye can be 
extracted after maximum color development by adding 10 ml. of 
n-butyl alcohol and 5 gm. of NaCl to the solution. Shake thor- 
oughly. Filter the butahol into a clean reading tube. Keep condi- 
tions constant. 



CHAPTER II 


PART IV 

THE DETERMINATION OF TYROSINE AND TRYPTOPHANE 

L The Millon-Folin Reactions (231, 232, 233) 

Historical: In 1922, Folin and Looney (231) used the Deniges- 
Hopkins mercuric sulfate reagent to separate tryptophane from 
the other amino acids of a protein hydrolysate. The tyrosine which 
remained in the filtrate was then estimated by employing the 
Millon-Nasse reaction (456, 472) while the quantity of tryptophane 
in the precipitate was determined by its reducing action on phos- 
phomolybdic acid (231) in alkaline solution. Later phosphomolyb- 
dotungstic acid was used (232). 

A. The Method of Folin and Marenzi (233) 

Reagents: Phosphomolybdotungstic acid (Phenol Reagent), 100 
gm. of Na2W04-2H20 and 25 gm. of Na2Mo04-2H20 arc dissolved 
in 700 ml. of H2O. 50 ml. of 85 per cent H3PO4 and 100 ml. of com 
centrated HCl are added and the solution is boiled under reflux 
for IQ hours. At the end of this time, 150 gm. of Li2S04, 50 ml. of 
II2O and a few drops of Br2 are added. The solution is boiled with- 
out the condenser for 15 minutes to remove the excess bromine. 
After cooling, it is diluted to 1 liter, filtered and kept in a brown 
bottle. 

15 per cent Mercuric Sulfate in 6 N H2SO4: 150 gm. of HgS04 
are suspended in 400 to 450 ml. of 7 n H 2SO4. 150 ml. of H2O are 
added and the suspension is shaken until completely dissolved. The 
solution is diluted to 1 liter with 7 N H2SQ4, filtered if necessary. 

1.5 per cent Mercuric Sulfate: To 100 ml. of 15 per cent HgS04 
reagent, 100 ml. of 14 n H2SO4 are added and the solution is diluted 
with water to 1000 ml. 

14 N Sulfuric Acid: 392 ml. of concentrated H2S04are diluted to 
1 liter with water. 

Saturated Na2C03: do not allow this reagent to come in contact 
with rubber. 

Method: 1. Hydrolysis. Folin and Looney (231) boiled the pro- 
tein with 14 per cent baryta for 40 to 48 hours under reflux. Folin 
and Ciocalteu (232) hydrolyzed with 5 n NaOH under reflux for 
18 to 20 hours. Folin and Marenzi (233) heated the protein solution 
with 5 N NaOH at 100° for 12 to 18 hours, von Deseo (192) auto- 
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claved the protein with 5 N NaOH ^t 2 to 8 atmospheres for 2 
hours. Lugg (430) hjjdrolyzed with 5.5 N NaOH which contained 
6 per cent SnCh -2Hh The hydrolysis was carried out in a sealed 
tube under nitrogen or in the absence of air for 20 hours at 100°. 
McFarlane and Fulmer (447) used pepsin and trypsin or trypsin 
alone in lieu of alkaline hydrolysis. This method is to be especially 
recommended when impure proteins such as foods and feeds are 
being analyzed. 

It is customary to employ 2 ml. of 5 N NaOH for every 100 mg. 
of protein. The hydrolysate is acidified with 3 ml. of 7 N H2SO4 
for each 2 ml. of 5 rf NaOH used. The hot solution is transferred 
to a 25 ml. graduated cylinder and 200 to 500 mg. of kaolin or 
filter aid are added. The suspension is shaken well and filtered. 20 
ml. of the filtrate are used for each determination. 

2. Separation of Tryptophane and Tyrosine. 20 ml. of the acidi- 
fied hydrolysate are placed in a 50 ml. conical centrifuge tube and 
4 ml. of 15 per cent HgS04 reagent are added. The flask is set aside 
for 2 or 3 hours and centrifuged for 5 to 10 minutes. The filtrate 
is poured into a 100 ml. volumetric flask and the edge of the cen- 
trifuge tube is washed with 1 ml. of 0. 1 n H2SO4. The tryptophane 
mercury precipitate is washed with 10 ml. of 1.5 per cent HgSO^ 
reagent. The precipitate is stirred and after standing 10 minutes, it 
is centrifuged. The lip of the tube is rinsed with 0.1 n H2SO4. 

3. Determination of Tyrosine. 6 ml. of 7 N H2SO4 are added to 
the filtrate which is heated in a boiling winter bath for 5 minutes, 
cooled, and 1 ml. of 2 per cent NaNOz is added with shaking. After 
2 minutes the solution is diluted to 100 ml., and read against a 
standard prepared simultaneously. 

4. Determination of Tryptophane. 10 ml. of n HCl are added to 
the tryptophane mercury precipitate which is heated in boiling 
water for 30 minutes, cooled, and filtered into a 100 ml. volumetric 
flask. The solution is diluted to 60 ml., 25 ml. of cold saturated 
Na2C03 are added, followed by 5 ml. of phenol reagent. After stand- 
ing for 30 minutes, the excess reagent is destroyed with 2 or 3 ml. 
of 5 per cent NaCN. The solution is diluted to 100 ml. and com- 
pared against a standard prepared at the same time. 

*B. Block and BolHng's Adaptation of the Millon-Folin 
Method (95) 

Principle: This procedure is based on the Folin-Marenzi (233) 
and Bernhart (72) adaptations of the Millon-Nasse reaction. 

Reagents: The Folin mercuric sulfate and phenol reagents are 
used (c/. above). 
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Method: 1. Hydrolysis. lOQ to 500 mg. of protein are hydrolyzed 
with 2 to 10 ml. of 5 n NaOH under reflux {or 4 to 5 hours. The 
temperature of the oil bath is maintained at 110 to 125°C. The ah 
icali is neutralized with 3 to 15 ml, of 7 n H 2 SO 4 respectively. The 
condenser is rinsed down with a little water and the hydrolysate 
is transferred to a graduated cylinder, diluted to volume, and fil- 
tered if necessary. 

2. Separation of Tyrosine and Tryptophane. Aliquots containing 
approximately 0.3 mg. and 0.6 mg. of tyrosine are pipetted into 
40 nil. graduated centrifuge tubes. Water is added to the 20 ml 
mark. Then 6 ml. of 15 per cent HgSO* reagent (Folin) are added 
and the tubes are placed in a boiling water bath for 10 minutes. The 
solutions are cooled, 4 ml. of 7 n H 2 SO 4 are added, and the solutions 
are diluted to 40 ml. with water. 10 to 20 mg. of diatomaceous earth 
(Celite- Johns Manville) are added, the suspensions are mixed and 
centrifuged for 5 minutes. The filtrates are poured into Evelyn 
reading tubes. The tryptophane precipitates are washed by cen- 
trifuging with 5 ml. portions of 1.5 per cent HgS 04 in 6 isr H 2 SO 4 
(Folin). The filtrates are added to the proper reading tubes. 

3. Determination of Tyrosine, The reading tubes are warmed 
to 30° in a waiter bath and 1 ml. of 0.8 per cent NaN 02 is added to 
each tube. The solutions are mixed and read after 10 minutes. 
Filter 520 mu is used with water or the entire solution without 
nitrite as the blank. A calibration curve over the range 0.15 to 
0.80 mg. of tyrosine is prepared. 

4. Determination of Tryptophane, The tryptophane mercuric 
sulfate precipitates are decomposed by suspending them in 3 ml. 
of N HCl and heating in boiling water for 10 minutes. The sus- 
pensions are cooled and the solutions are filtered through soft 
paper into 25 ml. stoppered graduates. The centrifuge tubes and 
the filter papers are washed with small portions of water until the 
volume of each tryptophane solution is approximately 15 ml. Six 
ml, of saturated Na 2 C 03 are added to each, after mixing 1 ml. of 
Folin's phenol reagent (phosphomolybdotungstic acid) is added. 
The solutions are allowed to stand for 30 minutes. (It is usually 
convenient to add the NaNOs to the tyrosine solutions and deter- 
mine the same during this half hour interval.) At the end of this 
period, 0.5 ml. of 5 per cent NaCN are added to each graduate to 
stop the reaction. The solutions are mixed, diluted to volume, and 
the colors are read against water or an hydrolysate-reagent blank 
with the phosphomolybdotungstic acid omitted. A 420 mu filter 
is used. A calibration curve over the range of 0.10 to 0.40 mg. of 
tryptophane should be prepared. 
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Comment: There have been numerous slight modifications of the 
Millon-Folin methods for tyrosine and tryptophane, few of which 
show marked improvement over Folin's own procedures and all 
of which give satisfactory results. In contrast to the very sensitive 
aldehyde methods for tryptophane, the directions for the Millon- 
Nasse methods for tyrosine and the Folin phosphomolybdotungstic 
acid methods for tryptophane can be changed considerably without 
harm. 

Abderhalden and Siebel (23) use 7 ml. of 14 n H 2 SO 4 in place of 
6 ml. of 7 N H2SO4 recommended by Folin and Marenzi (233). 
von Deseo (192) uses 5 ml. of 14 n H2SO4 at this point to prevent 
turbidity. Jorpes (344) does not filter off the silicic acid after acidi- 
fying with H 2 SO 4 , but allows it to precipitate with the tryptophane 
mercuric sulfate complex. He boils the tyrosine mercury solutions 
for 10 to 15 minutes and then allows them to stand at room tem- 
perature for several hours. The solutions are filtered if turbid before 
the addition of the NaN 02 . 

Balint (45) uses filter 500 mu for tyrosine and 720 mu for trypto- 
phane estimations. The Folin reagents are employed but in rela- 
tively smaller proportions, final volume 20 ml. Range, tyrosine 
0.2 to 2.0 mg.; tryptophane 0.1 to 0.4 mg. 

The composition and reactions of phosphotungstic and phospho- 
molybdic acids have been discussed by Wu (693). 

Fujiwara and Kataoka (254) claim that the Folin phenol and 
similar reagents are non-specific, being reduced not only by phenols, 
but also by aromatic aldehydes, hydroxy and keto aliphatic acids, 
hydroxylamine, fructose, hydroxymethylfurfural, inulin, indole 
derivatives, morphine alkaloids, etc. 

Schild and Enders (566), in a careful evaluation of the Folin 
tryptophane method, have showm that phosphomolybdotungstic 
acid gives a positive reaction, even after mercuric sulfate precipita- 
tion, with '‘melanoidin^’ formed from the condensation of glucose 
with glycine. Positive tests are also given by tannins, purine and 
pyrimidine products following alkaline hydrolysis, acetone, indole 
and its derivatives, pyrrol, pyruvic acid, and many other naturally 
occurring substances. However, the color producing ability of these 
compounds is not directly related to their redox potential as deter- 
mined by the dichlorpheiiolindophenol method. Schild and Enders 
stress the fact that except for pure proteins and amino acid mix- 
tures, tryptophane values by the Folin method must be accepted 
with caution. 
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2. The Millon-Nasse Reaction for Tryptophane and 
FOR Tyrosine (456, 472, 15) 

Historical: Although Abderhalden and ifempe (15) showed in 
1907 that tryptophane gave a red brown color when warmed with 
Millon’s reagent, it was not until 1937 that Lugg (429) employed 
the Millon reaction for the quantitative determination of this 
amino acid. 

A. Lugg^s Use of the Millon- Abderhalden Reaction for 
Tryptophane (429) 

Reagents: 5 n H2SO4: 25 gm. H2SO4 per 100 ml. H2O. 

Precipitation Reagent: dissolve 75 gm. HgS04, 55 gm. HgCh, 
and 70 gm, Na2S04 in a mixture of 850 ml. of water and 125 gm. of 
H2SO4 (68 ml. H2SO4, sp. gr. 1.84). Dilute to 1 hter. 

Washing Reagent: dilute the Precipitation Reagent with an 
equal volume of N H2SO4. 

Color Reagent: dissolve 12 gm. of HgS04 and 9 gm. of HgCh 
in a mixture of 600 ml. of H2O and 100 gm. of H2SO4 (54 ml. H2SO4, 
sp. gr. 1.84), then add 500 gm. more of H2SO4 (270 ml.). Cool, dilute 
to 1 liter. 

Method: 1. Hydrolysis (430). Hydrolyze 100 mg. of protein with 
2 ml. of either 5 N NaOH or 5.5 N NaOH containing 5 per cent of 
SnCh • 2 H2O at 100° for 20 to 24 hours. 

If alkaline stannite is used, it is advisable to remove the inter- 
stitial air from the protein by evacuation and to let in the alkali 
under vacuo. At the end of the hydrolysis, the tin is removed by 
shaking three times with 200 mg. portions of zinc dust per 10 ml. 
of reaj^ent used. The precipitates are separated by centrifuging 
and washed with 0.1 N NaOH. The combined alkaline solutions are 
extracted with 1 or 2 volumes of ether or toluene according to 
Kraus (388) to remove indole, skatole, phenols, etc. 

The alkalirie solutions are acidified with 5 ml. of 15 N H2SO4 
per 10 ml. of NaOH reagent used. The acidified solution is clarified 
by centrifugation and the hydrolysate is again extracted with 1 
to 2 volumes of ether. The solvent is washed with a little water. 
The dissolved ether is removed at 45° or less. 

2. Separation of Tryptophane from Tyrosine. To 3 ml. of un- 
known, add 5 N H2SO4 to pH 0,3 (brillianitcresyl blue), then N H2SO4 
to 5’ ml. To this solution, add 5 ml. of Precipitation Reagent and 
place in a water bath at 60 to 65° for 30 minutes. Cool 1 hour at 
18 to 20°, centrifuge and wash once with 10 ml. of Washing 
Reagent. 
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3. Determination of Tyrosine. The filtrates are diluted to 24.5 
ml. in a graduated cylinder and 0.5 nil. of 6.9 per cent m NaNOa 
are added, the soluticfns are mixed and read. 

4. Determination of Tryptophane. The precipitate of trypto- 
phane mercury is suspended in 10 ml. of Color Reagent and main- 
tained in a water bath at 40 to 45° for 15 minutes. The tubes are 
cooled to 18 to 20° for 30 minutes, and the precipitate is removed 
by centrifuging. The filtrate is poured into a 25 ml. graduated 
cylinder. The precipitate is again suspended in 10 ml. of Color 
Reagent, well stirred, and centrifuged. The combined supernatant 
liquids are diluted to 24,5 ml. and 0.5 ml. of m NaNOa are added, 
the solutions are mixed and read at maximum color. 

Comment: Lfigg (430) suggests a 3 per cent correction for 
tryptophane if alkaline stannite is used in the hydrolysis and one 
of 6 per cent when NaOH alone is employed. It appears to the au- 
thors that the correction, if any, to be used must depend on the 
time and temperature of hydrolysis and especially on the protein 
under analysis. 

*B. Block and Bolling’s Modification of the Millon-Lugg 
Method (95) 

Reagents'. The Lugg mercuric sulfate and chloride reagents are 
used. {cj. above). 

Method: 1 . Hydrolysis. Carry out with 2 ml. of 5 n NaOH per 
100 mg. of protein in an oil bath at 110 to 125° for 5 hours. Neu- 
tralize the hydrolysate with 3 ml. of 7 N H 2 SO 4 for each 2 ml. of 
5 N NaOTI used. Dilute to a convenient volume. Filter with the aid 
of kaolin if necessary. 

2. Separation of Tyrosine and Tryptophane. Pipette aliquots 
containing approximately 0.3 mg. to 0.6 mg. of tyrosine into 40 
ml. graduated centrifuge tubes. Add water to the 20 ml. mark. 
Then add 5 ml. of Lugg’s HgS 04 -HgCl 2 -Na 2 S 04 Precipitation 
Reagent and place the tubes in a boiling water bath for 10 minutes. 
Cool the solutions and add 4 ml. of 7 n H2SO4. Dilute to 30 ml. with 
water and add 10 to 20 mg. of diatomaceous earth (Celite-Johns 
Manville). Mix and centrifuge for 5 minutes. Pour the filtrates 
into Evelyn reading tubes. Wash the precipitates with 10 ml. of 
Lugg’s Washing Reagent. Centrifuge and combine the HgS 04 - 
HgCl 2 -Na 2 S 04 filtrates. 

3. Determination of Tyrosine. Warm the reading tubes to 30° 
in a water bath and add 1 ml. of 0.8 per cent NaNOj to each tube. 
Mix and read after 5 minutes. Read the color against water or a 
hydrolysate-reagent blank with the NaN02 omitted. Use filter 
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520 mu. Prepare a calibration curve over the range of 0.15 to 0,80 
mg. of tyrosine. » 

4. Determination of Tryptophane. Suspend the washed trypto- 
phane mercury precipitate in 10 ml. of Lugg's Color Reagent 
(HgSOrHgCh) and place the centrifuge tube in a 50 to 55° water 
bath for 15 minutes. Centrifuge. Pour the supernatant solution 
into an Evelyn reading tube. Wash the precipitate with 10 ml. of 
Color Reagent and, after centrifuging, add the clear liquid to the 
reading tube. Add 4 ml. of water. Put the reading tube in the 
photoelectric colorimeter and set the galvanometer to 100. Then add 
1 ml. of 3:45 per cent NaN02, mix the solution by inverting and 
note the maximum galvanometer deflection. Use filter 420 mu. In 
this way each tube is read against its own hydrolysate reagent 
blank. However, because the color fades almost immediately after 
the addition of*NaN02, the tubes should be stoppered, inverted, 
and read within 30 seconds. 

Comment: The tryptophane results obtained by the Millon-Lugg 
method on hydrolysates of impure protein preparations should be 
accepted with reserve. It has been the authors’ experience that 
erratic tryptophane values were obtained with certain corn pro- 
teins which were first digested with pepsin-HCl and then hy- 
drolyzed with*5 N NaOH in the usual fashion. 

The opinion is widely held that chloride interferes with the pre- 
cipitation of tryptophane by mercuric sulfate and in the Millon 
test for tyrosine. It has been our experience that considerable 
quantities of chloride (NaCl) in protein hydrolysates do not neces- 
sarily interfere with either tryptophane or tyrosine determinations 
when they are carried out by the Millon-Lugg methods. 

3. Spectrophotometric Methods for Tyrosiiste and 
Tryptophane (Holiday, 302) 

Principle: Tyrosine and tryptophane in dilute NaOH have dif- 
ferent absorption maxima in the ultraviolet region. 

Apparatus: The Hilger Medium Quartz Spectrograph E 316 was 
used. 

Method: The protein was dissolved in 0.1 N NaOH and the ex- 
tinction coefficients were measured at two wave lengths. Tyrosine 
and tryptophane were calculated as follows : 

M tyrosine = 1.0 Eaos— 0.092 E 280 
M tryptophane = 0.21 Easo— 0.288 E 306 
where 

M is the molar concentration 
and E is the extinction coefficient 
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Comment: In view of the probable losses of amino acids during 
hydrolysis and other chemical manipulations, it is apparent that 
the estimation of anliino acids in the intact or but slightly changed 
protein molecule is the ultimate goal. Yet, in spite of considerable 
promise, the spectrophotometric methods, which can only be car- 
ried out using highly specialized equipment, yield results that to 
date, do not appear to be superior to the chemical procedures. 

Comments on Tykosine and Tryptophane Analyses 

Although the specific advantages and deficiencies of the various 
methods have been briefly commented upon earlier in this Chapter, 
no mention has been made of their relative value. It is a pity that 
only a few investigators have made use of more than one method 
when analyzing for a specific amino acid. The answer, of course, is 
obvious for once one technique has been mastered* the investigator 
seldom wishes to master a second or a third procedure just to 
^‘confirm” his own results. However, in those instances where one 
investigator has used several methods, rather interesting results 
can be seen. 

Tyrosine: Hanke (281) claims that the Pauly diazo method 
checks the Millon procedure when the former is properly carried 
out. While Holiday (302) and Devine (195) have ^hown that the 
Millqn-Folin and the spectrophotometric methods give concordant 
results for tyrosine in casein, blood proteins, etc. 

Tryptophane: In contrast to the agreement of the Pauly, Millon, 
and spectrophotometric methods for tyrosine, there is no little 
disagreement between the values for tryptophane by the different 
methods. Only a few of the more recent comparisons will be given; 
the more detailed figures can be seen in the Tables at the end of this 
Chapter. 

Holiday (302) claimed rough agreement between the trypto- 
phane contents of serum albumins, globulins, and casein as deter- 
mined by the Folin phosphomolybdotungstic acid method and by 
spectrophotometry. In contrast, Devine (195), in an excellently 
conceived study on Bence-Jones protein, reported 1.4 per cent of 
tryptophane by the Fohn method and 2.5 per cent of this amino 
acid by the spectrophotometric procedure. 

Li, Lyons, and Evans (419) found the tryptophane content of 
pituitary lactogenic hormone to be 1.3 per cent by the Millon- 
Lugg reaction and 2.5 per cent by the Hopkins-Shaw procedure. 
Analogous discrepancies have been reported in the tryptophane 
content of tobacco mosaic virus by Ross (556). This investigator 
found 2.0 per cent of tryptophane by the Millon-Lugg reaction 
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and 4.5 per cent of tryptophane by the Hopkins-Shaw glyoxylic 
acid procedure. Knight (c/. ^56) confirmed tl^ese methodical differ- 
ences. 

McFarlane and Fulmer (447) reported the tryptophane content 
of casein to be 1.4 per cent by the Folin method and 2.4 per cent by 
the Rhode-Komm p-dimethylaminobenzaldehyde procedure. If the 
casein were hydrolyzed by pepsin and then by trypsin instead of 
with NaOH, the Folin phenol reagent indicated 1.3 per cent 
tryptophane, a value which was confirmed by the Voisenet-Kraus 
vanillin method. 

On the other hand, McFarlane, Fulmer, and Jukes (448) ob- 
tained reasonably concordant values for the tryptophane in egg 
white by the Folin phosphomolybdotungstic acid, the Rhode-May 
p-dimethylaminobenzaldehyde, and by the Voisenet-Kraus vanil- 
lin procedures. However, it appears that McFarlane did not con- 
sider any of these three methods to be entirely satisfactory or to 
■yield absolute values for some years later, Shaw and McFarlane 
(576, 577) carried out an investigation to improve the Hopkins- 
Winkler glyoxylic acid procedure. 

Sullivan, Milone, and Everitt (599) reported a modification of 
the Rhode-May dimethylaminobenzaldehyde method by which 
the tryptophane content of casein was believed to be 2.4 per cent 
if casein were the standard but if tryptophane were the standard, 
then the value is “not more than 1.25 per cent.” 

Shaw and McFarlane (577) found 2.4 per cent of tryptophane in 
casein by the May and Rose modification of the Voisenet-Rhode 
p-dimenthylaminobenzaldehyde reaction, 2.5 per cent by the 
Sullivan modification, and 1.2 per cent by their own adaptation of 
the Hopkins-Winkler glyoxylic acid method. 

Bolling and Block (112) have shown that tryptophane estimated 
by both the Fohn phenol and MiUon-Lugg methods gave identical 
values when applied to |3-lactoglobulin but as will be seen in the 
tables (especially Feeds and Foods) at the end of this Chapter, it 
has been found, in agreement with Schild and Enders (566), etc., 
that the Folin tryptophane method when apphed to hydrolysates 
of impure proteins is apt to yield high values. 

In conclusion, it appears from the examples given above, that the 
“true” or absolute value of tryptophane may not be known for any 
protein but, in the absence of augmenting or interfering substances, 
many of the methods given will yield useful comparative data. 
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PART V 

THE ESTIMATION OF PHENYLALANINE 

1. Isolation of Phenylalanine (Fischer, 220) 

Historical: Phenylalanine, which had been identified in plant 
proteins by Schulze, Barbieri, and Bosshard (574) in 1885, was iso- 
lated by Fischer (220) from casein in one of his first applications of 
the ester distillation procedure. 

Method: (in outline). 1. Casein was hydrolyzed under reflux with 
concentrated HCl for 6 hours. Fischer (220) says the yield of esters 
was not increased after 36 hour hydrolysis. 

2. Glutamic acid was isolated directly according to Hlasiwetz 
and Habermann (300). 

3. Tb.e amino acids were esterified in absolute alcobol by dry 
HCl. 

4. The HCl was removed by NaOH and K2CO3 at 0°. The esters 
were extracted with ether. 

5. The ethereal solution was dried over K2CO3 followed by 
Na2S04. 

6. The esters were fractionally distilled in vacuo, 

7. Phenylalanine ester was obtained in the higher boiling frac- 
tions. Phenylalanine ester hydrochloride in contrast to the other 
amino acid ester hydrochlorides is soluble in ether. This fact per- 
mits its ready separation from other high boiling amino acid esters. 

8 . Phenylalanine was identified as the phenylisocyanate and as 
the copper salt Oxidation to phenylacetaidehyde was also used as 
a delicate qualitative test. 

Comment: Osborne and Jones (501) showed that only about 70 
per cent of the phenylalanine present in an amino acid mixture 
could be recovered even by the most careful and painstaking use of 
Fischer’s method, while Abderhalden and Weil (19) were able to 
recover only 55 per cent of phenylalanine from an amino acid mix- 
ture. 


2. Oxidation of Phenylalanine to Benzoic Acid 
' (Schulze-Kollmann) 

Principle: According to Schulze, Barbieri, and Bosshard (574), 
phenylalanine yields benzoic acid and benzaldehyde on oxidation 
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with chromic acid. This principle was used by KoUmann (376) to 
estimate phenylalanine in protein hydrolysates. 

Method: 1. Hydrolysis. The protein is refluxed with 25 per cent 
H2SO4 for 30 hours after which the hydrolysate is thoroughly ex- 
tracted with ether to remove any fatty acids. 

2. Oxidation. Sufficient KaCraOy and H2SO4 are added to the 
aqueous solution so that it contains 20 parts by weight of K2Cr207 
and 17 parts by weight of H2SO4. The solution is refluxed for 5 to 
6 hours. 

3. Extraction of Benzoic Acid, After the oxidation mixture is 
cooled, the benzoic acid is extracted with ether. The ether is dried 
over Na2S04 and the solvent is evaporated off. The benzoic acid is 
recrystallized from hot water previously saturated in the cold with 
benzoic acid. 

Comment: As one would surmise from the experiments of Schulze 
et at. (574), the analytical values by this method are low and 
irregular. 

3. Estimation of Phenylalanine by Nitration and 
Subsequent Heduction (Kapeller-Adleu, 350) 

Historical: Kapeller- Adler (350) wished to simplify the Schulze- 
Kollmann oxidation procedure for the determination of phenyl- 
alanine by estimating the benzoic acid according to Mohler (464). 
Mohler's method consists in nitrating benzoic acid with NaNOs in 
fuming H2SO4 to give 3,5-dinitrobenzoic acid according to Kapeller- 
Adler (350) or 3,6-dinitrobenzoic acid according to Block and 
Bolling (98). As will be seen below, Kapeller-Adler found that 
phenylalanine was not oxidized and nitrated as expected to the 
3,5 or 3,6 dinitrobenzoic acid, but to 3,4 dinitrophenyl alanine and 
other 3,4 dinitrobenzene derivatives. 

A. Estimation of Phenylalanine According to Kapeller-Adler (350) 

Method: 1. Hydrolysis. Hydrolyze 1.5 to 3.0 gm. of protein for 
20 hours with 25 per cent H2SO4. Dilute the solution to 100 ml. 
and adjust to contain 10 per cent of H2SO4. 

2. Precipitation of Histidine. Precipitate the histidine from the 
hydrolysate with 10 per cent phospho-24-tungstic acid in 10 per 
cent H2SO4. Avoid any excess of reagent. Wash the precipitate with 
dilute reagent. Volume = 200 ml. 

3. Destruction of Tyrosine, Add a slight excess of 0.1 n KMn04 
to 20 ml. aliquots of the histidine-free amino acid solution, which 
should contain 1 to 4 mg. of phenylalanine. Evaporate the solution 
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on the steam bath. Test from time to time to be sure that no more 
KMnOi will be taken up. Add more KMn 04 if necessary. 

4 . Oxidation and Nitration. Concentrate to a thick syrup, cool, 
add 2 ml. of 10 per cent KNO 3 in concentrated H 2 SO 4 , heat on the 
steam bath for 20 minutes, cool and transfer into a 25 ml. stop- 
pered graduate with 7 ml. of water. Cool to 0"^. 

5. Development of Color. Add 5 ml. of 15 per cent hydroxyl- 
amine hydrochloride and then dilute to the mark with concentrated 
ammonia. After the nitrogen has ceased to come off, place the 
graduated cylinder in a water bath at 40° for 5 minutes, then cool 
to 0° for 15 minutes and read. 

Comment: Kapeller- Adler (350) proposes the following mecha- 
nism. 


CH2CHNH2COOH 


COOH COOH 


H 


O+HNOs 


INO2 (NH2OH) 


NO2 


NO2 



COONH4 

/\ 


NOH 


NH4OH 


-NOONH4 




NOH 


NOONH4 


B. Kuhn and Desnuelle’s Modification of the Kapeller-Adler 
Method (393) 

Principle: The removal of histidine and the destruction of tyro- 
sine can be omitted from the Kapeller-Adler method if the final 
color is read in a photometer with the proper light filter. Ascorbic 
acid is used as the reducing agent. 

Method: An aliquot of the protein hydrolysate containing 1 to 
4 mg. of phenylalanine is evaporated to dryness. 2 ml, of 10 per 
cent KNO3 in concentrated H 2 SO 4 are added and the nitration is 
carried out by warming on the steam bath for 20 minutes. The 
residue is dissolved in 9 ml. of water. The solution is made alkaline 
with ammonia, cooled, and 0.5 ml. of freshly prepared 1 per cent 
ascorbic acid arc added. The solution is diluted with concentrated 
NH4OH to 25 ml. The color is read using filter 530 mu. 

Comment: The colored compound is believed to be a mixture of 
much p- and little o-nitrophenylhydroxylamine in the form of the 
mono-alkali salt. 
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*C. Block and Bolling^ s Adaptation of the Kapeller-Adler-Kuhn 
Mkhod (104) 

I 

. Method: Transfer aliquots of the hydrolysate containing approxi- 
mately 0.75 mg. of phenylalanine and an equal number containing 
twice this amount into eight 30 cm. porcelain evaporating dishes. 
Evaporate to dryness on the steam bath, cool, and nitrate for 20 
minutes on the steam bath with 2 ml. of 20 per cent KNO 3 in con- 
centrated H2SO4. When the nitration is complete, pour the solutions 
into 25 ml. stoppered graduated cylinders. The final volume of 
each should not be over 12 ml. Cool to 0°, add 2.5 ml. of 30 per cent 
NHiOH'HCl to three of the graduates of each set. The fourth is 
used as the ^'blank.'^ Cool in ice. Dilute with cold concentrated 
NH4OH to the 25 ml. mark. Swirl while adding NH 4 OH. Careful! 
Mix and allow the color to develop at room temperature for 45 
minutes. Filter if necessary before the end of the waiting period. 
Read against the solution to which no NHsOH-HCl has been 
added. Color filter 560 mu. Range 0.5 to 2.0 mg. of phenylalanine. 

Comment: Block and Bolling (98) report that only approximately 
25 to 30 per cent of the phenylalanine present in an amino acid 
mixture is nitrated to the 3,4 dinitro compound. In spite of this 
disadvantage, *the method is probably the best available at the 
present time excepting, of course, the highly specialized isotope 
procedures. 

As mentioned earlier in this Chapter (Part I), the conditions of 
hydrolysis influence the yield of phenylalanine {cf. 105, 370, 238, 
112 ). 

Phenyllactic acid, if present, would be calculated as phenyl- 
alanine (321). 
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PART VI 

CHEMICAL METHODS FOR THE ESTIMATION OF 
DIHYDROXYPHENYLALANINE, DIIODOTYROSINE 
AND THYROXINE 

1. DiHYDROXypHENYLALANIIVE (ArNOW, 36) 

Principle: Dihydroxyphenylalanine and many other di- or tri- 
phenolic compounds give a red color in alkaline solution with 
nitrite. 

Reagents: Nitrite-Molybdate; Dissolve 10 gm. of NaN02 and 
10 gm. of Na2Mo04 in 100 ml. of water. 

Standards: 19.2 mg. of catechol gives the same amount of color 
as 50 mg. of “dopa/’ dihydroxyphenylalanine. 

Procedure: To 1 ml. of dopa solution (0.02 to 1.0 mg. of the 
amino acid) in a test tube graduated at 5 ml., add 1 ml. of 0.5 n 
IICI and 1 ml. of Nitrite-Molybdate reagent. Then add 1 ml. of 
N NaOH and dilute to 5 ml. with water. Read using Wratten filter 
61, 500 mu, against the proper standard. 

Comment: The molybdate is added to prevent too rapid destruc- 
tion of HONO. 


2. Diiodotyrosine and Thyroxine 
A. The Determination of Thyroxine according to Blau (76) 

Principle: This is a modification of Leland and Foster’s method. 

Procedure: (In brief). 1. Hydrolysis. Hydrolyze 1 gm. of dry thy- 
roid under reflux with 50 ml. of 8 per cent Ba(0H)2-8H20 for 6 
hours. Add 2 ml. of butyl alcohol to control foaming. Cool and 
transfer to a 100 ml. volumetric flask. Butanol aids in the transfer. 
Wash the sides of the flask with 5 ml. of 10 per cent HCl. Dilute 
to volume. 

2. Butanol Extraction. Place 50 ml. of solution in a 250 ml. sep- 
aratory funnel; add 0.5 ml. of brom cresol green and titrate with 
1 : 1 HCl to pH 3.4 to 4.0. Extract with an equal volume of butanol. 
Stand 2 hours or longer, draw off aqueous layer. Add an equal vol- 
ume of 4 N NaOH containing 5 per cent NaaCOa- Shake, stand 1 
hour or longer. Draw off aqueous layer. Reextract butanol with 
one half of its volume of NaOH-NagCOs solution. Concentrate the 
butanol phase to dryness. Calculate the thyroxine by an iodine de- 
termination on this residue. 


no 
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B. The Estimation of Diiodotyrosine and Thyroxine by Lugg^s 
Modification of the Millon-Nasse Reaction (430, 123) 

t 

Principle: Phenols containing halogens in the o- position do not 
give the Millon reaction. The halogens are removed during the 
hydrolysis with 5 per cent SnCl2-2H20 in 5.5 N NaOH at 100°, 
but not in the absence of the reducing agent (Lugg, 430). 

Method: (In brief). One portion of the protein containing diiodo- 
tyrosine and thyroxine is hydrolyzed with 5 N NaOH and a second 
portion with 5.5 n NaOH containing 5 per cent SnCl2-2 H 2 O. 
“Tyrosine” is determined by the Millon-Lugg procedures (cf. 
above) on both the hydrolysates. 

Thyroxine and diiodotyrosine are then calculated as follows: 

E = 0.713 ID+0.286 I(l-D) 

where E is extra Tyrosine in the SnCb-NaOH hydrolysis. 

I is Total Iodine 
ID is Iodine in Diiodotyrosine 
1(1 — D) is Iodine in Thyroxine 
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PART VH 

AROMATIC AMINO ACIDS IN PROTEINS 

All values given in the following tables have been calculated to 
16.0 per cent of nitrogen. In those instances, where nitrogen figures 
are not given by the investigators, the amino acid figures have been 
calculated using the value of N .which is given in parenthesis. If the 
investigators reported the data in amino acid nitrogen as per cent 
of total nitrogen, then the results have been recalculated to 16.0 
per cent of nitrogen but the value of N is omitted from the tables. 

Cf. Chapter I, Part VII for comments on '‘Best Values” and the 
calculation of the mean with twice the standard error. 

Under the heading “Method,” the general principle used to es- 
timate tyrosine, tryptophane, and phenylalanine respectively is 
given. Thus “Milion” refers to one of the adaptations of the Millon 
test for tyrosine; “Millon-Lugg” refers to Lugg^s adaptation of 
the Millon reaction for both tyrosine and tryptophane; “Folin” 
indicates the use of phosphomolybdotungstic acid for the estimation 
of either tyrosine or tryptophane (usually tryptophane); “Kapel- 
ler” refers to the Kapeller-Adler method for phenylalanine or one 
of its modifications, and so forth. * 

ALBUMINOIDS 

Aromatic Amino Acida in Gdatin 


Calculated to 16.0 gm, N. 


METHOD 

BEJERENCE 

NITRO- 

GEN 

TTRO- 

8INE 

TRTPTO- 

FHANB 

PHENTLr 

ALANINB 





per cent 

gm. 

gm. 

gm. 


Jolles-Albatiese 

Albanese 

28 



0.0 



Millon Folin, Kapeller 

unpubibhed 

16.6 

0.3 

0.0 

1.9 

Pork Skin 

Millon, Folin, Kapeller 

unpublished 

16.0 

0.2 

0.0 

2.3 

Bone 

MiUon, Folin, Kapeller 

unpublished 

15.4 

0.2 

0.0 

2.1 

Coignet 

laolation 

Dakin 

185 

18.0 



1.4 


MilloD, Folin 

Folin 

231 


trace 

0.0 



Millon, Pauly-Hanke 

Fllrth 

248 

(16.0) 

0.0 




Voisenet 

Fiirth 

249 

(16.0) 


0.0 



Pauly-Hanke 

Hanke 

280 

(16.0) 

' 0.3 




Millon, Folin 

Holiday 

302 

(16.0) 

0.0 

0.0 



Spectrophotometric 

Holiday 

302 

(16,0) 

0.4 

0.1 



Rhode-May 

Jones 

342 

(16.0) 


0.0 



Kapeller-Adler 

Kapeller 

350 

(16.0) 



1.2 


Kollmann 

Kollmann 

376 

(16.0) 



0.3* 


Voisenet-Kraus 

Kraus 

388 

(16.0) 


0.1 



Rhode-May 

May 

440 

(16.0) 


0.0 


i 

Folin 

May 

440 

(16.0) 


0,0 



Chromatographic * 

Gordon 261D 




1,9* 


Mean 




0.2 

0.0 

1.8 


* Omitted from mean 
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ALBUMINOIDS 

Aromatic Amino Acids in Elastins, CoU<iff 9 rt 4 , and Related Proteins 


Calculated to 16.0 gm. N. 


PBOTEIN 

METHOD 

BEPERENCE 

— 1 

NITRO- 

GEN 

tyro- 

sine 

TRYPTO- 

PHANE 

PHENYL- 

ALANINE 



1 


' per cent , 

gm. 

gm. 

gm. 

Elaatin 

Fiacher 

Abderbalden 

4 

(17.1) 



1 3.7 

Elastin 

Gerngross 

Gerngross 

256 

(17.1) 

1.5 



Elastin 

Kapeller-Adler 

Kapeller 

350 

(17.1) 



3.1 

Elastin 

Millon-Lugg 

Stein 

686 

17.1 

1,5 

0.0 


Collagen 


Theis 

604 

(16.0) 

1.0 



Lens 

Isolation 

Hijikata 

298 

(16.0) 

4.5 



Neurogelatin 

Millon, Foliii, KapcIIer 

unpublished 


14.7 

3.5 

0.9 

4.7 

Fish gelatin 

Millon, Folin, Kapeller 

unpublished 


11.8 

0.8 

0.9 

1.0 

Fiah gelatin 

Millon-Lugg 

unpublished 


11.8 

0.8 

0.7 



ALBUMINOIDS 

Gelatin: There appears to be a slight but significant quantity of 
tyrosine in gelatin. Gerngross (256) using his specific color test 
reported that the tyrosine in gelatin varies from 0.0 to 1.0 per cent. 
The actual quantity present depends on the method used in pre- 
paring gelatin from collagen. If strong bleaching agents such as 
chlorites are used in its preparation, any tryptophane and a large 
proportion of tyrosine which existed in the original collagen would 
be destroyed. 

Elastin: This protein is somewhat similar in its distribution of 
the aromatic amino acids to collagen (gelatin). 

Neurogelatin: The hot water soluble protein was prepared by 
extracting brain tissue with slightly acidulated hot water. Neuro- 
gelatin is considerably richer in the aromatic amino acids than bone 
or skin gelatins. 


ANIMAL PROTEINS 
Aromatic Amino Acids in Entire Animals 


Calculated to 16.0 gm. N. 


1 

ANtMAL 1 

METHOD 

REFERENCE 

NITHO- 

OEN 

TYRO- 

BINB 

TRYPTO- 

PHANE 

PBENYI^ 

ALANINE 


Rat 

Millon, Folin, Kapeller 

unpublished 

per cent ■ 
13.3 ! 

gm. 

3.0 

gm. 

0.8 

gm. 

3.5 

2 days old 

Rat 

Millon-Polin 

unpublished 

13.3 

3.0 

0.7 


2 days old 

Rat 

Millon, Folin, Kapeller 

unpublished 

Jl.l 

3.2 

1.0 

1 4.3 

23 days old 

Rat 

Millon-Folin 

unpublished 

11.1 

3.6 

0.7 


23 days old 

Rat 

Millon, Folin, Kapeller 

unpublished 

13.4 

3.2 

0.7 

. 3.8 

100 days old 

Rat 

Millon-Folin, 

unpublished 

13.4 

2.9 

0.6 


, KX) days old 

Rat 

Millon, Folin, Kapeller 

unpublished 

12.2 

3.2 

O.S 

4.3 

18 months old 

Rat 

Millon-Folin 

unpublished 

12.2 

3.2 

0.8 


18 months old 

Rat 

Millon-Folin 

unpublished ' 

13.1 

3,1 

0.6 


No protein diet 

Chicken 

Milion-Polin ^ 

Calvery 141 

(15.0) 

4.6 

2.1 


Embryo 
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AMINO ACID COMPOSITION 


BLOOD PROTEINS 

Aromatic Amino Acids in Fv&rin 


Calculated to 18.0 gm. N, 


gUUBCK 

METHOD 

BEFXRENCE 

NITRO- 

GEN 

TYRO- 
SINE ! 

TRYPTO- 

PHANE 

PHENYL- 

AtANINE 






' per cent 

gm. 

gm. 

gm, 


Cattle 

Millon-Lugg, 

unpublished 


13.4 

5.0 

3.7 

6.0 

Swift 


Kapeller 








Cattle 

Millon-Lugg, 

unpublished 


9.8 

5.5 

3.3 

8.5 

Peptone-Difco 


Kapeller 








Cattle 

MilloD, Folin 

unpublished 


13.3 

6.4 

3.8 



Cattle 

Millon-Lugg 

unpublished 


13.3 

5.9 

■3.9 



Cattle 

Millon-Lugg 

Brand 

123 

17.7 

5.7 

3.4 



Cattle 

Millon, Folin 

Folin 

231 

(17.0) 

5.6 

2.8 


Witte peptone 

Cattle 

Millon, Folin 

Folin 

231 

(17.7) 

5.9 

• 2.6 



Cattle ? 

Millon-Piirth 

Fiirth 

250 

(17.7) 

4.2 




Cattle ? 

Gerngroaa 

Gerngross 

256 

(17.7) 

6.9 




Cattle 

Pauly-Hanke 

Hanke 

280 

(17.7) 

3.1 




Cattle ? 

Rhode-May 

Holm 

303 

(17.7) 


4.5 



Cattle ? 

Rhode-May 

Jones 

342 

(17.7) 


4.0 



Cattle 

Millon, Folin 

Jorpes 

344 

16.8 

5,1 

3.8 

i 


Cattle 

Kallmann 

KoUmann 

376 

: (17.7) 



2.0* 


Cattle ? 

Voisenet and 

Komm 

377 

(17.7) 


1.9 




Rhode 








Cattle ? 

Voisenet-Kraus 

Kraus 

389 

(16.0) 


3.0 


Witte peptone 

Cattle ? 

Millon 

Zuwerkalow 699 ' 

(16.0) 

6.5 



Witte peptone 

Sheep 

Pauly-IIanke 

Hanke 

280 

(17.7) 

3.0 




Hog 

Pauly-Hanke 

Hanke 

280 

(17.7) 

3.1 




"Best Va! 

lues” 




6.0 

3.5 

j7 


Mean with 2XS,E. i 




5,l±0.7 

3.4±0.4 



♦Omitted from average 









BLOOD PROTEINS 
Aromatic Amino Acids in Hemoglobins 


Calculated to 16.0 gm. N. 


SOURCE 

METHOD 

1 

REFERENCE 

NITRO- 

GEN 

TYRO- 

SINE 

i 

, TBYPTO- 

^ FHAKE 

PHENYL- 

ALANINE 





per cent 

gm. 

gm. 

gm. 

Horse 

Fischer 

Abderhalden 

2 

16.8 



3.9 

Horae 

Millon, Kapeller 

Block 

94 

16.7 

2.0 


6.7* 

Horse 7 

Millon, Folin 

Folin 

233 

(16.7) 

3.0 

1.2 


Horse 

Millon-Fiirth 

Fiirth 

250 

(16.7) 

2.7 



Horse 

Millon, Folin 

Jorpes 

344 

16.8 

2.6* 

1,1* 


Horse 

Kapeller-Adler 

Kapeller 

350 

(16.8) 



6.1 

Horse 7 

Kollmann 

Kollmann 

376 

(16.8) 



3.4 

Cattle 

Millon, Folin, Kapeller 

Block 

94 

16.1 

2.0 

1.0 

6.8 

Sheep 

Millon, Kapeller 

Block 

94 

16.8 

2.1 


6.9 

Pig 

Millon, Folin, Kapeller 

unpublished 


15.0 

2.0 

1.1 

6.3 

Turtle 

Millon, Folin, Kapeller 

unpublished 


16.5 

2.6 

1.6 

7.0 

Mean witi 

i 2XS.E. 




2,4±0.3 

1.2 

5.8±0.9 

• Best Values 
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BLOOD PROTEINS 
Aromatic Amino Acida in Glcbins 


Calculated to 16.0 gm. N. 


! 

BOTJRCE ^ 

METHOD 

BEFEHENCB 

NITBO- 
' GBN 

TYRO- 

SINE 

TBYPTO- 

PHANE 

PHENYL- 

ALANIMB 

1 

Cattle 

Millon, Voiaenet 

Roche 

550 

1 

per cent 
16.6 

gm. 

3,1 

gm. 

2.2 

gm. 

Horse 

Millon, Voiaenet 

Roche 

650 

16.8 

3.2 1 

2.3 ! 


Dog 

Millon, Voisenet 

Roche 

550 

16.6 

3.4 

2.8 


Guinea Pig 

Mrllon, Voiaenet 

Roche 

550 ! 

1 16.7 

2.5 

1.8 


Human 

Millon, Voisenet 

Roche 

550 j 

16.7 

2.7 

2.2 


Human ' 

Millon, Folin, Kapeller 

unpublished 

1 16.2 

3,4 

1.4 

7.8 

Human 

Millon-Lugg 

unpublished 

16.2 

3.0 

1.3 


Rabbit 

Millon, Voisenet 

Roche 

550 1 

16.6 

3.6 

2.9 


Sheep 

Millon, Voisenet 

Roche 

550 

16.8 

3.5 

2.5 


Pig 

Millon, Voisenet 

Roche 

550 

IB. 3 

3.0 

2.2 


Mean with 2 ) 

<S.E. 




3.1±0.2 

2.2±0.3 



Note contrast between Folin and Millon-Lugg results for tryptophane and those found by the Voisenet 
formaldehyde method. 


BLOOD PROTEINS 


Aromatic Amino Acids in (Serum Albumins 


Calculated to 16.0 gm N. 


BOtmcE 

METHOD 

BEFEKENCE 

NITBO- 

GEN 

TyhO- 

8INE 

TRYPTO- 

PHANE 

PHBNYI/- 

ALANINE 






per cent 

gm. 

gm. 

gm. 


Horse 

Millon, Folin 

Abderhalden 

23 

(16.0) 

4.2 

0.8 


(NHOiSO, 

Horse 

Millon, Folin 

Hewitt 

296 


5.3^ 



crystalline 

Horse 

Millon, Folin 

Hewitt 

296 


6.6^ 

1.2^* 


crystalline 

Horae 

Millon, Folin 

Holiday 

302 

(16.0) 

5.9 

0.8 



Horae 

Spectropho- 

Holiday 

302 

(16.0) 

7.3 

0.7 




tometrio 








Horae 

Millon, Folin 

Jorpes 

344 

(16.0) 

4.3 

1.0 


crystalUne 

Horse 7 

Voisenet and 

Korani 

377 

(16.0) 


2.7 


crystalline 


Rhode 








Horse 7 

Folin 

Reiner 

543 


4.4 




Horse 7 

1 Millon, Folin 

Folin 

233 

(16.0) 

4.7 

0.6 


crystalline 

Horse 7 

Voiaenet 

Fiirth 

249 

(16.0) 


1.2 



Cattle 

Millon, Folin 

Abderhalden 

23 

1 (16.0) 

1 

0.8 


1 (NHOiSO. 

Cattle 

Millon, Folin 

V. Deseo 

193 

(16.0) 

4. 9-5. 3 

1.0-1.4 


(NHOiSO* 

Cattle 

Millon, Folin 

V, Qeseo 

193 

(16.0) 

4. 4-5. 7 

0. 8-2.0 


calf 

Cattle ' 

Folin 

Reiner 

543 


4.0 




Human 

Millon, Folin 

B&lint 

46 

(16.0) 

4,8±0.3 

iO.7 + 0.1 


Na,SOi 

Human 

Millon, Folin, , 

unpublished 


15.7 

4.5 

j 0.5 

7.9 

K,HPOi 


Kapeller 








Human 

Millon, Folin 

unpublished 


14.7 

4.4 

0.6 


(NHdjSOi 

Human 

Folin 

Reiner 

543 


4.8 

1 



Human 

Millon, Folin 

Murrill 

469 I 

13.5 

4.9 

0.8 


Na.SOi 

Rabbit 

Millon, Folin 

Abderhalden 

23 1 

(16.0) 

6.9 

0.6 


(NH.).SO. 

Rabbit 

Folin 

Reiner 

543 


5.7 




Monkey 

Folin 

Reiner 

543 


3.9 




Dog 

Folin 

Reiner 

543 


5.1 




Cat 

Folin 

Reiner 

643 ' 


5.1 




Pig 

Folin 

Reiner 

543 


3.9 




Sheep 

Folia 

Reiner 

643 


5.0 




Eat 

Folin 

Reiner 

543 


5.0 




Guinea Pig 

Folin 

Reiner 

543 


4.2 




Chicken 

Folha 

Reiner 

643 


4.7 




Mean 





4.9 

1.0 



* least Bolubi 

e crystalline albi 

imin 







** most soluble cryatalliue albumin 
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AMINO ACID COMPOSITION 


BLOOD PROTEINS 
Aromatic Amino Acida in Strum Globxilin$ 


Calculated to 16.0 gm. N. 


SOUBCB 

METHOD 

BEFERXNCE 

NITBO- 

OEN 

TTBO- 

BINE 

TBYPTO- 

PHAJfB 

PHBNYLr 

ANALINE 






per cent 

gin. 

gm. 

gtn. 


Horse 

Pischer 

Abderhalden 

5 

(16.0) 



3.8 


Horse 

Millon, Folia 

Abderhalden 

23 

(16.0) 

5.7 

1.9 


euglob. 

Horse 

Millon, Folia 

Abderhalden 

23 

(16.0) 

5.9 

1.7 


pseudoglob. 

Horse 

Millon, Folin 

Cal very 

144 

16.0 

5.5 

2.0 


Pneumococcus 









i antiserum 

Horse 

Millon, Fulin 

Cal very 

145 

(16,0) 

5.5 

2.1 


Pneumococcus 









antiserum 

Horse T 

Voiaenet 

FUrth 

249 

(16.0) 


3.1 



Horse T 

Millon-Furth 

Furth 

250 

: (16.0) 

3.8 




Horse 

Millon, Folin 

Holiday 

302 

i (16.0) 

7.1 

2.2 


euglob. 

Horse 

Spectrophoto- 

Holiday 

302 

(16.0) 

6.9 

2.6 


euglob. 


metric 








Horse 

Millon, Folin 

Holiday 

302 

(16.0) 

6.3 

2,4 


pseudoglob. 

Horse 

Spectrophoto- 

Holiday 

302 

(16.0) 

6.8 

2.9 


pseudoglob. 


metric 








Horse 

Millon, Folin 

Jorpes 

344 

15.5 

5.5 

2.4 



Horse ? 

Voiaenet and 

Komm 

377 

(16.0) 


2.5 




Rhode 








Horse 

Folin 

Reiner 

543 


4.1 




Cattle 

Millon, Folin 

Abderhalden 

23 

(16. d) 

6.6 

1.9 


euglob. 

Cattle 

Millon, Folin 

Abderhalden 

23 

(18.0) 

6.6 

1,7 ! 


pseudoglob. 

Cattle 

Millon, Folin 

V. Desefi 

193 

(16.0) 

4.7-5. 9 

1.6-2.0 


(NHOiSO, 

Cattle 

Millon, Folin 

V. Defied 

193 

(16.0) 

3. 6-5.1 

0.9-2. 6 


calf 

Cattle 

Millon, Folin 

Folin 

231 

(16.0) 

6.7 

2.3 



Cattle 

Folin 

Reiner 

543 : 


4.6 




Human 

Millon, Folin 

B&lint 

46 

(16.0) 

6.2±0.4 

2.0±0.3 


NaiSO* 

Human 

Millon, 

unpublished 


14.2 

5.6 


6,8 

K,HPO* 


Kapellar 








Human 

Millon, 

unpublished 


14.1 

5.1 


5.0 

(NH,)iSO, 


Kapellar 








Human 

Millon, Folin 

Murrill 

469 

14.0 

6.4 

2.4 


NasSO* 

Rabbit 

Millon, Folin 

Abderhalden 

23 

(16.0) 

5.9 

1.8 


euglob. 

Rabbit 

Millon, Folin 

Abderhalden 

23 

(16.0) 

5.8 

1.6 


pseudoglob. 

Rabbit 

Folin 

Reiner 

543 


4.3 




Monkey 

Folia 

Reiner 

543 


5.1 




Cat 

Folin 

Reiner 

543 


5.1 




Pig 

Folin 

Reiner 

543 


4.0 




Bhecp 

Folin 

Reiner 

543 


5.8 




Rat 

FoHn 

Reiner 

643 


4.2 




Guinea Pig 

Folin 

Reiner 

543 


5.2 




Cbicken 

Folin 

Reiner 

543 


4.7 




Mean 





5.5 

2.1 
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BLOOD PROTEINS 
Aromatic Amfno Acids in Serum Proteint 


Calculated to 16X*gm. N. 



METHOD 

REFERENCE 

NITRO- 

GEN 

TTBO- 

SINE 

TRYPTO- 

PHANE 

PHENYL- 

ALANINE 






per cent 

gm. 

gm. 

gm. 


Human 

Millon, Folin 

BAIint 

46 

( 16 . 0 ) 

! 5 . 5 ± 0.3 

1.4 + 0. 3 



Human 

Millon, Folin, 

Block 

ia 5 

j 14.9 

4.4 


, 5.4 



Kapeller 








Human 

Millon, Folin 

Block 

no 

1 15.4 

4.6 

1.3 



Human 

Millon, Folin 

Block 

110 

15.2 

6.0 

1.4 


Arthritis 

Dog 

Millon, Folin 

Murrill 

470 

12.2 

5.5 

2.1 


Normal diet 

Dog 

Millon, Folin 

Murrill 

470 

11.6 

6.1 

1.8 


Reserve Protein 

Dog 

Millon, Folin 

Murrill 

470 

14.4 

5.5 ' 

1.7 

1 

Regenerated Protein 

Dog 

Millon, Folin 

Murrill 

470 

12.7 

5.9 

1.9 


Casein diet 

Dog 

Millon, Folin 

Murrill 

470 

12.2 

5.9 

1.9 


Albumin diet 

Dog 

Millon, Folin 

Murrill 

470 

14.1 

5.8 

1.7 


Serum diet 

Dog 

Millon, Folin ^ 

Murrill 

470 ! 

14.2 ' 

6.4 

1.8 


Yeast diet 

Cattle 

Millon, Folin 

V. Deseii 

102 

( 16 . 0 ) 

4.7 

1.8 



Mean wii 

;h 2 XS.E. 




5.4 + 0, 3 

1 

1. 7 + 0.1 




BLOOD PROTEINS 

Aromatic Amino Acids in Human Palhalogical Serum and Urine Frateinii 


Calculated to 16.0 gm, N. 


SOURCE 


1 

REFERENCE 

1 

NITRO- 

GEN 

TYRO- 1 

SINE 

TRYPTO- 

PHANE 

PHENYT^ 

ALANINE 


Serum 

Serum 

Millon, Kapeller 
Millon, Folin 

unpublished 

Murrill 

469 

per cent 
14.1 
14.3 

gm. 

1 5.0 

6,6 

gm. 

1.7 

grn. 

6.0 

Myeloma 

Nephritic 

Urine 

Isolation, Fiaclicr 

Abderhalden 

11 1 

( 16 . 0 ) 

' 1.7 


1 

1.5 

Bence-Jones 

TJrine 

Millon, Folin 

Devine 

195 ' 

14.7 

9.6 

1.4 


Bence-Jonea 

Urine 

Spe ct ro pli 0 1 o ni ctri c 

Devine 

195 1 

14.7 1 

9.2 

2.5 


Bence-Jones 

Urine 

Millon, Folin 

Cal very 

143 

18.1 ■ 

8.8 

2.5 


Bence-Jones 

Urine 

Millon, Folin 

Folin 

231 

( 16 . 0 ) 

7.4 

1.7 


Bence-Jonea 

Urine 

Isolation 

Hopkins 

308 

16.2 

4.2 

0.8 


Bence-Jonea 

Urine 

Millon, Folin 

Murrill 

469 

15.1 

5.2 ' 

0.9 


Nephritic 
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AMINO ACID COMPOSITION 


BLOOD PROTEINS 

Aromatic Amino Acids in and Cell Proteins 


* Calculated to 16.0 gm. N, 


SOUHCB 

METHOD 

1 

RSFEBE»CE 

NITRO 

OEN 

TYRO- 

SINE 

I 

TRYPTO- 

PHANE 

PHENYL- 

ALANINE 






per cent 

gm. 

gm. 

gm. 


Horse 

Millon, Folin 

Beach 

55 

12.9 

3.6 

1.4 



Horse 

Millon, Folin 

Jorpes 

344 

14.8 

3.7 

1.7 



Cattle 

Millon, Folin 

Beach 

65 

j 13.8 

3.4 

1,4 



Cattle 

Millon, Folin 

Erickson 

213 

13.7 

3.6 

1.4 


embryo 

Sheep 

Millon, Folin ! 

Beach 

65 ! 

14.0 

3.3 

1.3 



Hog 

Milbn, Folin 

Beach 

65 

13.1 

3.4 

1.5 



Human 

Millon. Folin 

Beach 

55 

13.0 

3.3 

1.6 



Human 

Millon, Folin 

Erickson 

213 

13.1 

3.6 

1.5 


Polycythemia 

, Mean w 

ith 2 XS.E. 




3.5 + 0. 1 

1.5±0.1 



Human 

1 Folin, Kapeller 

Block 

105 

16.1 


1.2 

8,5 i 

cells 


BLOOD PROTEINS 

Fibrin: Blood fibrin appears to be the best source of tryptophane 
readily available, although certain relatively rare purified enzymes 
and viruses may yield higher amounts. 

Hanke's results on tyrosine are of comparative interest only as 
they appear to be uniformly low. 

Hemoglohim and Globins: Although the aromat\c amino acid 
composition of globins from various mammals may vary slightly 
(c/, the basic amino acids, Chapter I), the general aromatic amino 
acid composition of mammalian globins is similar, 

^erum Albumins: Si^rensen was the first to demonstrate clearly 
that the composition of a serum albumin preparation, even though 
crystalline, was a function of its mode of preparation. Hewitt 
(296) prepared two crystalline albumins from crystalline serum 
albumin which differed in the tyrosine and especially in trypto- 
phane content. Serum albumins appear to contain approximately 
5 per cent of tyrosine, 1 per cent of tryptophane and 6 to 8 per cent 
of phenylalanine. 

Serum Globulins: These substances are not crystallized and 
appear to be even more heterogeneous than serum albumins. How- 
ever, serum globulins, as a group, contain somewhat more tyrosine 
and approximately twice as much tryptophane as serumalbumins. 

Proteins in Pathological Conditions: The so called Bence-Jones 
protein does not appear to be a definite entity, but a group of 
proteins having the same gross physical properties which differ in 
chemical composition and in immunological properties. 

Stroma Proteins: The yields of tyrosine and tryptophane on hy- 
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drolysis of 5 mammalian stroma proteins are approximately the 
same. Little or no species specificity is shown. 

« 

BRAIN PROTEINS 

Aromatic Amino Acids from Human Brain Proteins (c/. 89, aad unpublished results) 


Calculated to 16.0 gm. N. 


Cause of 

DEATH 

METHOD 

NITHO- 

GEN 

TTBO- 

8INE 

TRYPTO- 

PHANE 

PHENYLr 

ALANINE 




per cent 

gm, 

gm. 

gm. 


Infection 

Millon, Folin 

13.4 

4.7 

1.6 



Infection 

Millon, Folin, Kapeller 

14.1 

4.1 

0.7 

6.8 


Infection 

Millon, Folin 

14.5 

4.2 

1.2 


■ male 

Infection 

Millon, Folin 

14.3 

4.1 

1.3 


male 

Infection 

Millon, Folin 

14.1 

4.1 

1.3 


male 

Hemorrhage 

Millon, Folin, Kapeller ■ 

13.7 

3.7 

1.4 

5.0 

male 

Hemorrhage 

Millon, Folin, Kapeller 

13.4 

4.7 

1.4 

6.3 

male 

Hemorrhage 

1 Millon, Folin, Kapeller 

14.9 

3.8 

1.2 

4.6 

male 

Hemorrhage 

Mollin, Folin, Kapeller 

15.1 

4.0 

1.2 

4.8 

male 

Suicide 

Mollin, Folin. Kapeller 

15.1 

1 3.8 

1.2 

1 5.2 

male 

Suicide 

Millon, Folin, Kapeller 

12.8 

4,0 

1.4 

5.8 

male 

Suicide 

Millon, Folin, Kapeller 

14.0 

3.8 

1.6 

4.8 

male 

Suicide 

Millon, Folin, Kapeller 

13.2 

4.2 

1.5 

5.0 

male 

Alcoholism 

Millon, Folin, Kapeller 

14.9 

3.9 

i 1-i 

5.6 

male 

Arteriosclerosia ' 

Millon, Folin, Kapeller 

13.0 ! 

4.2 

1.5 

5.0 

male 

Trauma 

Millon, Folin 

13.0 

4.1 

1,5 



Amaurotic Idiocy 

Millon, Folin, Kapeller 

14.1 

5.1 

1.2 

6.4 


Amaurotic Idiocy 

Milloti-Lugg 

14.1 


1.1 



Hemoirhage 

Millon, Folin, Kapeller 

14.2 

3.7 

1.2 1 

4.0 1 

female 

Diabetes 

Mollin, Folin, Kapeller 

13.4 

4.0 

1.3 

5.0 

female 

Infection 

Millon, Folin, Kapeller 

13.9 

4.2 ! 

1.3 

5.3 

female 

Alcoholism 

Millon, Folin, Kapeller 

15.0 

3.9 

1.3 

4.8 

female 

Arteriosclerosis 

Millon, Folin, Kapeller 

12.7 

4.5 

1.3 

6,7 

female 

ArterioaclerosU 

Millon, Folin, Kapeller 

13.6 

4.2 

1.4 

5.5 

female 

Unknown 

Millon, Rhode, Kapeller 

15.6 

4.3* 

1.5* 

4.1* 


Mean with 2 XS-E. 

14.0 

4. 1 + 0.1 

1,3±0.1 

5. 2 + 0. 3 


* Kaplansky (354) j 
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AMINO ACID COMPOSITION 


BRAIN PROTEINS 

Aromatic Amiao Acids in Animal Brain Proteinase/- 89. 105, 354, and unpubJiBhed/ 


Calculated to 16.0 gm. N. 


1 ANIMAL 

METHOD 

NITBO- 

OEN 

TTRO- 

BINE 

TRTPTO- 

FHANB 

PHENTL- 

^ ALANINE 

i 



per cent 

gm. 

gm. 

gm. 


Monkey 

Millon, FoUn, Kapeller 

13,4 

4.7 

1.6 



Monkey, male 

Millon, FoUn 

14.3 

3.8 

1.1 

5.1 


Monkey, male 

Millon, Folin, Kapeller 

14.4 

4.1 

1.1 

4.3 


Monkey, male 

Millon, Folin, Kapeller 

14.0 

3.9 

1.1 

4.1 


Monkey, male 

Millon, Folin, Kapeller 

13.9 

4.Q 

1.4 

5.4 


Monkey, male 

Millon, Folin. Kapeller 

14.6 

4.2 

1.2 

4.0 


Monkey, female 

Millon, Folin, Kapeller 

14.0 

3.9 

1.1 

4.7 


Monkey, female 

Millon, Folin, Kapeller 

14.8 

3.5 

1.2 

4.3 


Monkey, female 

Millon, Folin 

14.2 

4.0 

1.1 



Monkey, female 

Millon, Folin 

14.5 

3.7 

1.0 



Monkey, female 

Millon, Folin 

14.6 

3.9 

1.2 



Monkey, female 

Millon, Folin, Kapeller 

15.1 

4.1 

1.1 

3.8 


Monkey, female 

Millon, Folin, Kapeller 

14.2 

3.7 

1.3 

4.4 


Monkey, female 

Millon, FoUn, Kapeller 

14.6 

4.3 

1.5 

4.6 


Sheep, male 

Millon, Folin, liapeller 

14.4 

4.1 

1.1 

5.1 


Sheep, male 

Millon, Folin, Kapeller 

11.9 

3.8 

0.9 

4.2 


Sheep, male 

Millon, Folin, Kapeller 

14.7 

3.9 

1.2 

4.6 


Sheep, male 

Kapeller 

13.2 



5.0 


Sheep 

! Millon, Folia 

12.5 

4.6 

1.4 



Sheep, male 

Millon, Folin, Kapeller 

13.5 

4.2 

1.2 

4,5 


Sheep, male 

Millon, Folin, Kapeller 

14.4 

j 3.0 

0.7 

4.4 


Sheep, male 

Millon, Folin, Kapeller 

14.6 

4.3 

1 1-1 

4.5 


Sheep, female 

Millon, FoUn, Kapeller 

14.4 

4.0 

1.2 

, 4,6 


Sheep, female 

Millon, Folin, Kapeller 

14.7 

i 

1.1 

4.5 


Sheep, female 

Millon, Folin 

16.3 

3.4 

0.7 



Sheep, female 

Millon, FoUn, Kapeller 

13.0 

4.1 

1.2 

1 5.0 


Sheep, female 

Millon, Folin, Kapeller 

15.0 

4.0 

1.1 

i 6.1 


Sheep 

Millon, Rhode, Kapeller 

16.2 

4.6* 

i 1.6* 

4.1* 


Rat 

Millon, Folin, Kapeller 

14.3 

4.0 

1.0 

3.7 

1 day old 

Rat 

Millon, Folin, Kapeller 

14.5 

4.0 

1.2 

4.0 

6 day old 

Rat 

Millon, Folin, Kapeller 

14.4 

3.6 

1.2 

4.5 

22 day old 

Rat 

Millon, Folin, Kapeller 

14.7 

3.8 

1,2 

5.3 

adult 

Rat 

MiUon, Folin, Kapeller 

15.0 

3.5 

1.1 

4.6 

adult 

Rat 

KapeUer 

15.2 



4.2* 


Cattle 

Millon, Folin, Kapeller 

14.3 

4.7 

1.2 

5.4 


Cattle 

Millon, FoUn 

13.0 

4.7 1 

1.2 



Cattle 

Millon, Folin 

14.7 

4.8 ' 

1.2 



Cattle 

Millon, Rhode, Kapeller 

15.2 

4.6* 

1.6* 

4.1* 


Pig 

Millon, Folin, KapeUer 

15.3 

3.7 

1,3 

4.9 


Pig ' 

MiUon, Folin, Kapeller 

15.4 

3.7 ! 

1.1 

5.4 


Rabbit 

MiUon, Rhode, Kapeller 

15.1 ! 

4.8 

1.6 

4.1 


Rabbit 

MiUon, Folin 

12.9 

4.1 

1.2 



Rabbit 

Millon, Folin 

12.6 

4.2 

1.3 



Guinea Pig 

MiUon, Folin 

13.8 ' 

4.8 

X.2 ' 



Cat 

Millon, Rhode, Kapeller 

(15.2) 

4.3* 

1.5* 

4.1* 


Dog 

Millon, Rhode, Kapeller 

15.1 

4.7* 

1.6* 

4.0* 


Mouse 

Milton, Rhode 

14.9 

4.8* 

1.6* 



Chicken 

MiUon, Rhode 

15.3 

4.6* 

1,5* 



Frog 

MiUon, Rhode, Kapeller 

15.3 

4.5* 

1.5* 

4.2* 


Fiah 

Millon, Rhode 

14.9 

4.7* 

1.6* 



Mean with 2 XS.! 

E. 


4.1±0.l 

1.2±0,1 

4.5i0.2 


♦ Kaplanaky (354) 
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BRAIN PROTEINS 

There appears to be little if any difference in the aromatic amino 
acids in the proteins of the entire mammalian, reptilian, or piscine 
brain. 

The slightly higher values for tryptophane and the lower figures 
for phenylalanine found by Kaplansky are presumably due to the 
methods employed in the analyses. Kaplansky used the original 
Kapeller- Adler procedure for phenylalanine. 

EGG PROTEINS 

Aromatic Amino Acids in Crystalline Egg Albumin 


Calculated to 16.0 gm, N. 


MBTHOD 

1 

BBfERBNCE 

. 1 

NITHO- 

GBN 

TYBO- 

aiNB 

TBypTO- 

PHANB 

PHEKYL- 

ALANINB 





per cent 

gm. 

gm. 

gm. 


Kapeller 

Amow 

37 

16.1 



5.6 

11 deter. 

Millon, Folin, Kapeller 

Bernhart 

73 

15.3 

4.1 

1.2 ' 

6.6 


Millon-Lugg, Kapeller 

impublished 


13.9 

4.0 

1.5 

i 7.9 ' 

not crystalline 

Millon-tvUgg 

Brand 

123 

(14,91 

4.3 ' 

1.3 

! ! 


Millon, Folin 

Calvery 

139 

(15.4) 

4.4 . 

1.3 



Millon-Lugg 

Chibnall 

160 

15.8 

4.2 

1.3 



Millon, Folin 

Folin 

231 

i (15.4) ' 

4.4 1 

1.3 

1 


Millon, Folin 

Folin 

231 

j (15.4) ' 

4.2 1 

j 1.4 



Millon, Folin 

Folin 

233 

1 (15.4) 

4.2 

1.2 



Millon, Folin * 

Folin 

233 

i (15.4) : 

4.1 1 

1 

1 


Voisenet 

Fbrth 

249 

, (15.4) 1 


, 1.9 



Millon-Ffirth 

Fiirth 

250 

(15.4) 1 

3.9 




Pauly-Hanke 

Hanke 

280 

; (15.4) 

2.4+ 




MLllon-Folin 

Hanke 

281 

(15.4) ! 

3.7 




Rhode-May 

Jones 

342 

(15.4) ! 


1 2.4 



Voisenet and Rhode 

Komtn 

377 

(15.4) 


1.5 



Rhode-May 

May 

440 

(15.4) 


i 1.2 



Folin 

May 

440 

(15.4) 


: 1.3 


1 

Isolation, Fischer 

Oaborne 

497 

15.5 

1.8* 


5.3 

1 

Folin 

Pottinger 

527 

(15.4) 


1.3 



Millon 

Reiter 

544 

(15.4) 

3.9 




Rhode-May 

Toniiyama 

614 

(16.4) 


1.3 



Millon 

Zxiwerkalow 

699 

(15.4) 

4.6 




Mean with 2 XS.E. 




4.2±0.l 

|1.4±0.2 

6 


* Omitted from mean j 



1 

1 
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AMINO ACID COMPOSITION 


EGG PROTEINS 

Aromatic Amino Acids in Egg Proteivs other than Albumin 


Calculated to 16.0 gm. N. 


PROTEIN 

UETHOn 

REFERENCE 

NITRO- 

GEN 

TYRO- 

SINE 

TRYPTO- 

PHANE 

PHENYL- 

ALANINE 





per cent 

gm. 

gm. 

gm. 

Conalbumin 

Rhod e-May 

Jones 

342 

(16.0) 


6.0 


Vitellin 

Isolation, Fischei 

Abderhalden 

13 

(16.0) 

1.7 


3.0 

Vitellin 

Millon, Folin 

Cal very 

140 

16.0 

6.3* 

1.3 


Vitellin 

Rhode-May 

Jones 

342 

(15.0) 


2.6 


Vitellin 

Voisenet and Rhode 

Komm 

377 

(16.0) 


1.5* 


Vitellin 

Rhode-May 

May 

440 

(15.0) 


1.9 


Vitellin 

Isolation, Fucher 

Osborne 

495 

16.3 

3.3 


2.6 

Livetin 

Millon, Folin 

Jukes 

348 

15.5 

6.3 

1.3 


Livetin 

Voisenet and Rhode 

Komm 

377 

(15.0) 


1.8 


Egg White 

Millon, Folin 

Cal very 

141 

(15.0) 

, 4.6 

1.7* 


Egg White 

Millon, Folin 

Folin 

233 

(15.0) 

4.3 

1.4 


Egg White 

Millon, Voisenet 

McFarlane 

44S 

15.2 

5.4+ 

1.5 


Egg White 

Folin 

McFarlane 

448 

16.2 


1.4 


Egg Wliite 

Rhode-May 

McFarlane 

448 

15.2 


1.7 


Egg White 

Kapeller 

Virtanen 

663 

12.1 



6.6* 

Yolk 

Millon-Lugg, Kapeller 

unpublished 


14.6 

4.4 

1.5 

6.7 

Yolk 

Millon, Folin 

Cal very 

141 

(15.0) 

6.8 

1.7* 


Yolk 

Voisenet and Rhode 

Komm 

377 

(15.0) 


1.3 


Yolk 

Millon, Voisenet . 

McFarlane 

448 

14.3 

6.6* 

1.7 


Whole Egg 

Millon-Lugg, Kapeller 

unpublished 


14.1 

4.2 

1.5* 

5.9 

Whole Egg 

Millon, Folin 

Patton 

612 

16.0 

4.3* 

1.1 


Ovomucoid 

Fischer 

Abderhalden 

6 

(13.5) 



5 

Ovomucoid 

Millon, Voisenet 

McFarlane 

448 

13.6 

4.2 

2.2 


* Best Values 









EGG PROTEINS 

Egg Albumin: The high value for tryptophane reported by 
Jones was based on casein with 2.4 per cent of tryptophane as the 
color standard. If the casein had been taken as containing 1.4 per 
cent tryptophane, then Jones^ value would have checked the rest. 
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FOODS 

Aromatic AnAno Acids in Feeds and Foods 


CalculattJB to 16.0 gm. N. 


aoTjnci 

UETEOD 

REFKMNCB 

MTEO- 

, OBS 

TTEO- 

i 8IS1! 

1 

TRTPTO- 

i rHAHI 

PHENYL- 

ILAfllNB 





per cent 

' gm. 

gm. 

gm. 


Bread 

1 Millon, Folin, Kapeller 

unpublished 

1 U.2 

i 4.5 

1.5 

6.3 


Bread 

Millon, Folin, Kapeller 

unpublished 

: U.3 

4.2 

1.0 

4.8 


Flour 

Millon, Folin, Kapeller 

unpublished 

12.8 

i 3.8 

0.8 

5.5 

5 preps. 

Cereal 

Millon, Folin, Kapeller 

unpublished 


; 3.0 

1.5 

5.5 

Wheatena 

Cereal 

Millon-Lugg 

unpublished 


3.6 

1.0 


Wheatena 

Cereal 

Millon, Folin, Kapeller 

unpublished 

1 12.3 

1 3.5 

1.2 

5.5 

Kabtoa 

Cereal 

Millon-Lugg ! 

unpublished 

12.3 

3.5 

0.8 


Ralston 

Cereal 

Millon, Folin, Kapeller 

unpublished 


i 3.5 

2.4 

4.1 

Cream Farina 

Cereal 

Millon, Lugg 

unpublished 


3.4 

l.O 


Cream Farina 

Cereal 

Millon, Folin, Kapeller ! 

unpublished 

13.6 

3.6 

2.0 

5.5 

Cream of Wheat 

Cereal 

Millon-Lugg 

unpublished 

i 13.6 

3.5 

0.8 


Cream of Wheat 

Cereal 

Millon, Kapeller 

unpublished 


4.5 


4,5 

New Cream of 








Wheat 

Cereal 

Millon-Lugg 

unpublished 


4.0 

1.4 


New Cream of 








Wheat 

Cereal 

Millon, Folin, Kapeller 

unpublished 


2.1 

1.0 

1 4.6 

Puffed Sparkies 

Cereal 

Millon-Lugg 

unpublished 


1.9 

0.5 j 


Puffed Sparkies 

Cereal 

Millon-Lugg, Kapeller 

unpublished 

i 

2.3 

0,6 

2.8 

■ Cerevim 

Soybean Meal? ' 


Heinrich 286 

j 7 

5.6 


3.8 


Lupine Meal? 


Heinrich 236 

7 

5.6 


4.5 


Meat Scrape 

Millon, Folin, Kapeller 

unpublished 


1 3.2 

0.0 

4.5 


Meat Scraps ■ 

Millon-Lugg 

unpublished 

! 


0.8 



Meat Meal 

Milhm, Folia 

McFarlane 4+7 


2.9 

i 1.3 



Meat Meal 

Pauly, Voisenet 

McFarIane447 


2.4 

1 0.9 



Meat Meal 

Pepein-Trypein, Voisenet 

McFarlane 447 

! 

3.0 

1,0 



Meat Meal 

Trypsin, Volsenet 

McFarlane 447 



i 1.8 

1 


Tankage 

Millon, Folin, Kapeller 

unpublished 


2.7 

0.8 

6.0 


Tankage 

Millon, Folin 

McFarlane 447 


3.0 

0,7 

i 


Tankage 

Pauly, Voisenet 

McFarlane 447 


2.7 

0.6 



Fish Meal 

Millon, Folin, Kapeller 

unpublished 

11.6 ' 

3.3 

0.8 

4.8 

Menhaden 

Fish Meal 

Millon, Folin 

McFarlane 447 


2.6 

1.3 



hlsh Meal 

Pauly, Voisenet 

McFarlane 447 


2.2 

1.2 



Fish Meal 

Pepsin-Trypan, Millon, 

McFarlane 447 


2.9 

1.4 




Folin 

j 



! 



Fish Meal 

Pepsin-Trypsin, Voisenet 

McFarlane 447 



1.6 1 



Fiah Meal 

Millon, Folin 

Pottinger 526 


3.3 

0.8 


Haddock 

Codliver Meal 

Folin 

McFarlane 447 



2.0 



Codliver Meal 

Pauly, Voisenet 

McFarlane 447 


3.0 

0.8 



Fish Gelatin 

Millon, Folin, Kapeller 

unpublished 

11.8 

0.8 ! 

0.9 

1.9 1 

Stick 

Fish Gelatin 

Millon-Lugg 

unpublished 

11.8 

0.8 ' 

0.7 


Stick 

Butter-milk 

Millon, Folin 

McFarlane 447 


5.5 

1.8 



Butter-milk 

Pauly, Voisenet 

McFarlane 447 


5.3 ' 

1.5 



Butter-nulk 

Pepain-Trypain, Millon, 

McFarlane 447 


6.4 

1.3 




Folin 







Butter-milk 

Trypaln, Voisenet 

McFarlane 447 



1.7 



Butter-nulk 

Pepain-Trypain, Voisenet 

McFarlane 447 



3.0 




FEELS ANL FOODS 

Bread and Flour : The nutritional superiority of bread made with 
6 per cent milk solids and a good grade of yeast is shown in the 
tryptophane content which is significantly higher than that found 
in five widely used white flours and farinas. 
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AMINO ACID COMPOSITION 


Cereals: It appears that the use of^whole wheat cereals and es- 
pecially those with a^ded wheat germ are superior in tryptophane 
content to those which have been subjected to excessive heat and 
pressure and subsequent rapid release of pressure. The non- 
specificity of the Folin phosphomolybdotungstic acid tryptophane 
method is demonstrated in this group of analyses. The Lugg 
adaptation of the Millon method is preferred in the analysis of 
protein preparations containing a large quantity of carbohydrate. 

Meat and Fish Residues: These protein concentrates contain less 
tryptophane than is generally recognized. Their chief function in 
animal nutrition appears therefore to be to supply lysine (c/. 
Chapter I) rather than tryptophane. 

Milk Solids: Dried milk is an excellent commercial source of 
tryptophane. 

ANIMAL HORMONES AND ENZYMES 
Aromatic Amino Acids in Ht>rmoneg and Nonmetallic-Emymea 


Cslculated to 16.0 gm. N. 


PBOTEIN 

METHOD 

KETERENCE 

NITRO- 

GEN 

TYRO- 

BINE 

TRYPTO- 

PHANE 






per cent 

gm. 

gm. 


Insulin 

Millon-Lung 

Chibnall 

160 

15.5 

12.9* 



Insulin 

Kapeller 

unpublished 


15,5 


4 

8.4* 

Insulin 

Spectro photo- 

Holiday 

302 

(15.5) 

13.1 

0.0 



metric 







Insulin 

Millon-Folin 

Jensen 

320 

16.5 

12 



Insulin 

Millon-Folin 

duVigneuad 660 

(16.7) 

12.4 



Pepein 

Millon, Folin 

Cal very 

146 

15.4 

10.8 

2.3 


Pepsin 

Millon, Folin 

Calvery 

146 

15.2 

8.7 

2.2 

heat coagulum 

Pepsin 

Millon, Folin 

Calvcry 

146 

15.4 

12.0 

2.3 

heat filtrate 

Thyrogiobulin- 

Millon, Folin 

Cavett 

152 

(16.0) 

3.3 

2.0 

0.3^0.3« 

Human 








Thsrroglobulin- 

Millon, Folin 

Cavett 

152 

(16.0) 

3.4 

2.2 

0.05^0.0* 

Colloid 








Thyroglobulin- 

Millon, Folin 

Cavett 

152 

(16.0) 

3.2 

2.1 

0.3*'. 0.1“ 

Adenoma 








Thyrnglobulin- 

Millon, Folin 

Cavett 

152 

(16.0) 

3.1 

2.1 

0.6^ 0.2“ 

Eiophtbalmio 








Thyroflobulin- 

Millon-Lugg 

Brand 

122 

15.8 

3.0 

1.9 

0.7**, 0.3” 

Swine 








Thyroglobulin-Pig 

Millon, Folin 

Eckstein 

202 


6.5 

2.2 


Chymotrypsinogen 

Millon-Lugg 

Brand 

125 

16,2 

2.9 

5.4 


Trypsin 

Millon-Lugg 

Brand 

127 

(16.0) 


4.6 


Trypeinogen 

Millon-Lugg ' 

Brand 

127 

(16.0) 


2.9 


Pituitary Lactogenic 

Millon, Hopkins 

Li 

419 

(16.0) 

6.7 

2.6 

Beef 

Pituitary Lactogenic 

Millon-Lugg 

Li 

419 

(16.0) 


1.3 

Beef 

Pituitary Lactogenic 

Millon 

Li 

419 

(16.0) 

4.5 


Sheep 

Pituitary Pressor 

MUlon-Arnow 

Potts 

528 

(16.0) 

11.9 



Pituitary Oxytocic 

Millon-Arnow 

Potts 

628 

(16.0) 

14.2 



Gonadotropin 


Evans 

214 


7.0 

1.5 


Secretin 

Millon, Lugg 

Agren 

25 

14.4 

0 

0 


“ Phenylalanine 








^ Diiodotyrosine 








* Thyroxine 








• Beet Values. 
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ANIMAL HORMONES AND ENZYMES 

Insulin: The high content of tyrosine an^ the lack of trypto- 
phane is striking. 

Pepsin: This protein, too, is rich in tyrosine, but also contains 
a relatively high amount of tryptophane. The differences in amino 
acid composition with the mode of preparation of the protein for 
analysis should be noted. (Heat coagulation.) 

Thyroglohulin: The presence of thyroxine and diiodotyrosine 
characterize this hormone. 

Chymoirypsinogen: This enzyme is one of the few proteins with 
an inversed tyrosine to tryptophane ratio. Its yield of tryptophane 
is unusually high. 

Pressor and Oxytocic Hormones: These proteins, like pepsin and 
insulin, contain an uncommonly large quantity of tyrosine. 

KERATINS 

Aromatic Amino Acids in Eukeraiins 


Calculated to 16,0 gm. N. 


PEOTBIN 

METHOD 

BBFBaBNCE 

NITHO- 

UEN 

TTBO- 

SINH 

TRYPTO- 

PHAUB 

PHENTO- 

alaninb 





per cent 

gm. 

gm. 

gm. 

Human Hair 

^Millon, Folin 

Block 

109 

16.6 

2,9 

1.3* 


Human Hair 

Millon, Kapeller 

Block 

07 

15.4 

3,1* 


2.7 

Lamb Wool 

Isolation 

Abderhalden 

16 


2.8 



Lamb Wool 

Millon. Kapeller 

Block 

97 

15.4 

4,7 


4.2* 

Lamb Wool 

Millon, Folin, 

Folin 

231 

(15.4) 

6.9* 

1.5* 


Lamb Wool 

Gerngross 

Gerngross 

256 


5 



Lamb Wool 

Millon-Arnow 

Gordon 

261 

(15.4) 

4.3 



Lamb Wool 

Isolation-Martin 

Martin 

439 




3.6 

Lamb Wool 


Rutherford 

560 

(16.8) 

5.6 



Lamb Wool 

Chromatographic 

Gordon 

261* 


6.8 


1.5 

Camel Hair 

Millon, Folin, Kapeller 

Block 

97 

15.1 

3.3 

0.8 

4.3 

Chimpanzee Hair 

Millon, Folin, 

Block 

109 

16.7 

3.2 

1.4* 


Hog Hair 

Millon, Folin, Kapeller 

unpublished 


15.1 

3.6 

1.1 

3.3 

Goat Hair 

Millon, Folin, Kapeller 

Block 

97 

16.2 

3.0 

0.9 

4.5 

Cattle Hair 

Millon, Folin 

Block 

109 

1 15.3 

3.4* 

1 1,4* 


Cattle Hair 

Gerngross 

Gerngross 

256 


4 



Horse Hair 

Isolation 

Abderhalden 

9 

(15.0) 

3.4 



Cattle Horn 

Isolation, Fischer 

Abderhalden 

16 


3.8 


2.0 

Cattle Horn 

Millon, Folin, Kapeller 

Block 

97 

16.1 

3.7 


4.0 

Cattle Horn 

Millon, Fobn, 

Folin 

231 

(16.0) 

5.3* ! 

1.4* 


Rhinoceros Horn 

Millon, Folin, Kapeller 

Block 

97 

15.6 

8.8 

1.7 

6.1 

Pig Hoof 

Millon, Folin, Kapeller 

unpublished 


14.8 

6.5 

1.3 

3.7 

Emu Bill 

Millon, Folin, Kapeller 

unpublished 


13.2 

10,7 

1.0 

3.4 

Black Goose Bill 

Millon, Folin, ICapeUer 

unpublished 


10.6 

13.0 

1.9 

7.2 

Iguana Bill 

Millon, Folin, Kapeller 

unpublished 


15.5 

7.0 

0.8 

4.9 

Goose Feathers 

Isolation 

Abderhalden 

10 

(15.0) 

3.8 



Hen Feathers 

Millon, Folin, Kapeller 

Block 

97 

15.5 

2.3 

0.7 

5.5 

T Feathers 

Millon-Fiirth 

Farth 

250 

(15.6) 

3.3* 



Porcupine Quills 

Millon, Folin, Kapeller 

Block 

97 

16.8 

3.3 

0.9 

3.6 

Echidna Quills 

Millon, Folin, Kapeller 

Block 

97 

15.2 

9.6 

2.3 

7.2 

Egg Shell-Membrane 

Millon, Folin, 

Cal very 

141 

(16.6) 

4-5* 

2.7* 


Egg Shell-Membrane 

Millon, Folin, 

Calvery 

142 

16.6 

2.6 

2.5 



* Beat Values. 
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KERATINS 

Aromatlo Amino Acids in Skirf and Neurokeratiru 


t Calculated to 16.0 gm. N. 


pBonm 

METHOD 

BEFEBIXCE 

NITRO- 

GEN 

TTBO- 

8INE 

TRYPTO- 

PHANE 

PHENYL 

ALANINE 





per cent 

gm. 

gm. 

gm, 

Human-Skin 

Millon, Folin 

Eckstein 

203 

14.2 

3.9 

2.0 


Human-Skin 

Millon, Folin 

Wilkerson 

678 

15.1 

6.0 

1.6 


Snake-Skin 

Millon, Folin, KapaUer 

unpublished 


15,2 

5.5 

1.0 

4.1 

Turtle-Scutes 

Millon, Folin, Kapeller 

Block 

96 

14,1 

14,9 

2.6 

5.9 

Feb can-Eicresence 

Millon, Folin, Kapeller 

Block 

96 

14,0 

6,6 

1.0 

1 4.9 

Whale-Baleen 

MUIon, Folin, Kapeller 

Block 

96 

14.1 

6.7 

1.1 

3.2 

Neurokeratin 

Isolation 

Argiris 

32 

14,2 

6.2 



Neurokeratin 

Millon, Folin, Kapeller 

Block 

96 

13,3 

1 4.6 

1.3 

5.2 

Neurokeratin-trypein 

Millon. Folin Kapeller 

unpublished 


11.1 

5.1 

1.8 

7.2 

Neurokeratin-pepsin 

Millon, Folin, Kapeller 

unpublished 


10.0 

3.7 

1,3 

7.2 

N eurokeratin-pa pain 

Millon, Folin, Kapeller 

unpublished 


10.9 

5.7 

1.5 

1 4.8 


KERATINS 

Aromatic Amino Acids in Effff Casings, Gorgonia, Silk Fibroin, etc. 


Calculated to 16.0 gm. N. 


SOURCE 

METHOD 

REFERENCE 

NITRO- 

GEN 

TYRO- 

SINE 

TRYPTO- 

PHANE 

PHENYU- 

ALANINE 





per cent 

gm. 

gm, 

gm. 

Egg Casing-ScylLium 

Isolation, Fischer 

Pregl 

529 

15.1 

11.2 


3.5 

Egg Casing-Salmon 

MiUon, Folin 

Young 

694 

15.3 

5.1 

1.5 


Gorgonia 

Millon, Rhode, Kapeller 

Block 

96 

14,1 

14.8 

? 

8.5 

Plexaurella 

Millon, Rhode, Kapeller 

Block 

96 

13.7 

15.8 

? 

7.6 

Bpongin 

MiUon, Rhode, Kapeller 

Block 

96 : 

13.0 

1.0 

7 

4,1 

Bilk Fibroin 

Isolation, Fischer 

Abderhalden 

20 

19.0 

9.3 


1.3 

Silk Fibroin 

Isolation plus spectro- 

Bergmann 

69 

19.0 

I 11.1 




graphic 







Silk Fibroin 

Millon, Pauly 

Furth 

248 

(19.0) 

9 




KERATINS 

Eukeratins: In contrast to the remarkable uniformity in the 
molecular ratios of the diamino acids in eukeratins (cf. Chapter 
I), their yield of aromatic amino acids varies widely. Thus figures 
as low as 3 per cent and as high as 13 per cent of tyrosine in differ- 
ent eukeratins have been reported by the same investigators. 

Skm and Neurokeratins : Neurokeratins have been classified with 
skin because of their keratin properties and apparent embryologi- 
cal origin from the ectoderm. These proteins are relatively, but not 
extraordinarily, rich in the aromatic amino acids. 

Gorgonin: Gorgonins from Gorgonia flabellum and from Plex- 
aurella dichotoma yield relatively large quantities of tyrosine and 
phenylalanine but appear to be devoid of tryptophane. If sole re- 
liance had been placed on the Folin phosphotungstomolybdic 
acid reagent then 6.1 per cent of tryptophane would have been 
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reported in gorgonin from G. flabellum and 5.4 per cent of trypto- 
phane in P. dichotoma. '* 

Sponges: Spongin, a protein which many 'zoological text books 
still classify as being chemicaily similar to silk fibroin, is unique 
among keratins in containing little tyrosine and apparently no 
tryptophane. 


LIVER PROTEINS 
Aromatic Amino Acids in Froteins 


Calculated to 16.0 gm. N. 


source 

1 

METHOD 

REFERENCE 

NITRO- 

GEN 

TYRO- 

SINE 

TRYPTO- 

PHANE 

PHENYL- 

ALANINE 



1 unpublished 


per cent 

gm. 

gm. 

gm. 

Beef 

Millon, Folin, Kapeller 



13.3 

3.6 

1.2 ! 

7.3 

Beef 

Millon-Lugg, Kapeller 

Beach 

59 


4.6 ! 

1.8 

j 6.1 

Rat 

Millon, Folin 

1 Lee 

411 


4.8 

l.G ' 


Cat- Albumin 

Millon, Voisenet, Kapeller 

Urban 

625 

15.4 

4.4 

3.0 ! 

1 4.4 

Cat-Globulin 

Millon, Voiaenet, Kapeller 

Urban 

625 

14.8 

3.5 

2.9 

4.7 

Cat-Whole 

Millon, Voisenet, Kapeller 

i Urban 

625 

15.0 

3.7 

1 2.9 

4.6 

Human 

Millon, Kapeller 

, Block 

105 

13.6 

3.4 


i 7.3 

Cod ' 

Millon-Lugg, Kapeller 

unpublished 



3.8 

1.4 

5.8 

Nueleo protein 

Millon-Lugg 

Grcenstein 

266 

15.7 

3.9 ± .2 

1 1.5+.2 


Tumor 

Millon-Lugg 

Greenstein 

267 

15.5 

3.7 1 

, 1.5 



• LIVER PROTEINS 

The large discrepancy between the tryptophane values of Urban 
and the others reported in the table may be primarily the result of 
differences in analytical methods. 

METALLOPROTEINS 

Aromatic Amino Acids in MetaUoproteins other than Hemoglobin 


Calculated to 16.0 gm . N. 


PROTEIN 

METHOD 

RBPBRBNCB 

NITRO- 

GEN 

TYRO- 

BINE 

TBYPTO* 

PHANE 





1 

1 per cent 

gm. 

gm. 


Cytochrome C 

Millon-Lugg 

Tbeorell 606 

15.4 1 

5.6 

1.2 


Ilenioeyanin 

Millon, Voisenet 

Roche 

550 

15.6 

4.6 

5.7 

i Mollusc 

Hemocyanin 

Millon, Voiaenet 

Roche 

660 

18.8 

4.4 

6.4 

Crustacea 

Ilemerytherine 

Millon, Voiaenet 

Roche 

550 

16.8 

5.9 

6.0 

Siphuncle 

Ferritin 

1 

Millon, Voisenet, Kapeller 

Kuhn 

396 

8.4 

12.2 

1.8 

1.8% phenyl- 
alanine 


METALLOPROTEINS 

The high values reported for tryptophane using a modification 
of the Voisenet reaction must be accepted with reserve for the time 
being. The disproportionately large quantity of tyrosine in ferritin 
as compared to the other aromatic amino acids is noteworthy. 
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AMINO ACID COMPOSITION 


MILK PROTEINS 

Aromatic Amino Acids in Cosftn from Cow's Milk 


Calinilated to 16.0 gm, N. 


SOURCE 

METHOD 

REPEBENCB 

NITBO- 

QEN 

TTHO- 

SIKE 

TBTPTO- 

PHANB 

phenyl - 

alanine 





per cent 

gm. 

gm. 

gm. 

Harris 

Jolles-Albanese 

Alban ese 

28 



1.8 


Sheffield 

JolleS'Albanese 

Albanese 

28 



2.4 


deaminated 

Jolles-Albanese 

Albanese 

28 



2.5 


acid hydrolysed 

Jolles-Albanese 

Albanese 

28 



0,0* 



Millon, Folin 

Beach 

65 

15.1 

6.6 

1.5 



Millon, Folin 

Beach 

57 

14.5 

6.6± .1 

1.2± .1 


Harris 

Millon, Folin, Kapeller 

unpublished 


14.8 

5.6 

1.3 

6.3 

Labco 

Millon, Kapeller 

unpublished 


15.8 

5.3 


4.8 

Labco hydrolyzed 

Millon-Lugg, Kapeller 

unpublished 


12.2 

6.2 

7 

5.6 

Labco hydrolyzed 

Millon-Lugg, Kapeller 

unpublished 


12.3 

6.4 

7 

6.2 

Difco hydrolysed 

Millon-Lugg, Kapeller 

unpublished 


7.4 

0.4* 

7 

4.3 

Difco hydrolyzed 

Millon-Lugg, Kapeller 

unpublished 


10.5 

2.1* 

7 

4.6 


Rhode-May 

Csonka 

177 

(15.4) 


2.2 



Millon, Rhode-May 

Caonka 

181 


6.5 

2.1 



Dakin, Isolation 

Dakin 

183 



1.7 



Millon, Folin 

V. Deseo 

192 

(15.4) 

5.8 

1.2 


Hammarsten 

Millon, Folin 

Folin 

231 

(15.4) 

5.6 

1.6 


Hammarsten 

Millon, Folin 

Folin 

232 

(15.4) 

6.6 

1.5 


Cohn 

Millon, Folin 

Folin 

232 

(15.4) 

6.8 

1.5 



Millon-FOrth 

Fiirth 

250 

(15.4) 

7.0 




Pauly-Hanke 

Hanke 

280 

(15.4) 

4.7 




Millon-Folin 

: Hanke 

281 

(15.4) 

5.6 




Millon, Folin 

Holiday 

302 

(15.4) 

6.2 

1.2 



Spectrophotonnetric 

Holiday 

302 

(15.4) 

7.3 f 

1.0 



Rhode-May 

Holm 

303 

(15.4) 


2.3 



Bromination 

Homer 

306 

(16.0) 


1.3 



Isolation 

Ilopkina 

307 

(16.0) 


1,5 



Rhode-May 

Jones 

342 

(15.4) 


2.3 



Kapeiler-Adler 

Kapeller 

350 

(15.4) 



5.2 


Kollmann 

Kollmann 

376 

(15.4) 



3.2* 


Millon. Folin 

Kovica 

387 

(15.4) ! 

6.2 

1.7 



Voisenet-Kraus 

Kraus 

388 

(15.4) 


1.3 



Millon, Kapeller 

Kuhn 

393 

(15.4) 

9.0 


5.0 


Miilon-Lugg 

Lugg 

432 

15.1 

6.9 

1.4 



Rhode-May 

May 

440 

15.4 


1.6 



Folin 

May 

440 

(15.4) 


1.6 



Millon, Folin 

McFarlane 

447 


6.6 

1.4 



Pauly, Voisenet 

McFarlane 

447 


0.6 

1,2 



Vobenet and Rhode 

McFarlane 

447 



2.4 



Pepsin-trypsin, Folin 

McFarlane 

447 


7.6 

1.5 



Trypsin, Voisenet 

McFarlane 

447 



1.3 



Pepsiii-trypsin, Voisenet 

McFarlane 

447 



1.7 



Isolation 

Onslow 

484 



1.0-1 . e 


English 

Onslow 

Onslow 

485 



2.0 


Merck 

Onslow 

Onslow 

485 



2.2 



Isolation, Fischer 

Osborne 

502 

15.6 

4.0* 


2.4* 


Millon, Folin 

Plimmer 

521 

16.2 

6.1 

1.6 



Bromination 

Plimmer 

622 

(15.2) 


1.6 



Millon, Folin 

Plimmer 

523 

14.1 

7.3 

1.6 



Folin 

Pottinger 

627 

(15.4) 


2.3 



Isolation 

Reach 

641 


4.6* 




Voiaenet-Rhode 

Rhode 

645 



2 


Fresh 

Hopkins-Shaw 

Shaw 

676 

(15.4) 


1.4 


B.D.H, 

Hopkins-Sbaw 

Shaw 

676 

(16.4) 


l.l 


Kahlbaum 

Hopkinz-Shaw 

Shaw 

676 

(15.4) 


1.0 



Rhode-May 

Shaw 

577 

(16.4) 


2.6 



Hopkins-Shaw 

Shaw 

577 

(16.4) 


1.4 
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MILK PROTEINS (ConUnued) 
Aromatic Amino /tcids in Casein from Cow's Milk 


• Calculated to 16.0 gra. N. 


SOURCE 

METHOD 

BBPEBENCE 

NITRO- 

QEM 

TTBO- 

8IRB 

TBTMO- 

FH\NE 

i 

FHENTL- 

ALAWINE 




1 

per cent 

gm. 

gm. 

gm. 

Baryta hydrolysate 

Rhode-May 

1 Shaw 

677 

(16.4) 


1.4 


Baryta hydrolysate 

Hopkins-Shaw 

Shaw 

677 ' 

(15.4) 

1 

1.2 


Casein standard 

Rhode-Sullivan 

Sullivan 

599 

(16.4) 


2.6 


Tryptophane 

Rhode-Bullivan 

Sullivan 

599 ^ 

(15.4) 


1.3 


standard ' 

Rhode-Thomas 









Thomas 

608 1 

(15.4) 


1.8 




Toennies 

613 

14.8 


1.3 

1 

! 

Rhode-May 

Tomiyama 

614 ! 

(15.4) 


1.8 



Mi lion 

Zuwerkalow 699 

(15.4) 

7.1 








6.4±0.4' 

1.6 ±0.1^ 

5.2±0.5 

Meanwith2XS.E. | 






2.0 ± 0.35 



* Omitted from mean. 

‘ Methods other than Voisenet-Rhode (37 values). 
** Voisenet'Rhode methods only (12 values). 


MILK PROTEINS 

Aromatic Amino Acids in Coseins other than from Cow’s Milk 


Calculated to 16.0 gm. N. 


SOURCE 

1 

MIKTHOD 

HBFBEENCB 

1 1 

1 1 

NITRO- 
GEN ■ 

TYRO- 

SINE 

' TRYPTO- 
PHANE 

PBBNYIi- 

1 ALANINE 



i 


per cent 

gm. 

1 

gm. 

1 

gm. 

Human 

Isolation, Fischer 

Abderhalden 

17 

(15.6) 1 

4.8 


2.9 

Human 

Millon, Folin 

Beach 

55 1 

15.1 

6.6 

1.5 


Human 

Millon, Folin 

Plimmer 

621 

14.4 1 

6,1 

1.2 


Human 

Brominadon 

Plimmer 

622 

14,4 


1.1 ' 


Sheep 

Millon, Folin 

Kov&cs 

387 1 

(15.3) 

6.2 1 

1.7 ! 


Goat 

Millon, Folin 

KovAcs 

387 

(15.3) 

5.0 

1.6 


Horse 

Millon, Folin ' 

KovAcs 

387 ' 

(15.3) ' 

5.6 ' 

1.2 


Donkey 

Millon, Folin ' 

KovAcg 

387 1 

(15.3) 

4.8 

0.9 



MILK PROTEINS 

Aromatic Amino Acids in Laddbumins (Whey Proteins) 


Calculated to 16,0 gm. N, 


8OUHCB 1 

method 

KEFERENCE 1 

NITRO- 

GEN 

TYRO- 

SINE 

TBYPTO- 

FHANE 

PHBNYL- 

ALANTNE 


1 

1 


per cent 

gm. 

gm. 

gm. 

Cow 1 

JoUea-Albanese 

Albanese 

28 

1 


2.8 


Cow 1 

Millon-Lugg, Kapeller 

unpublished 

13,8 

3.9 

2.2 

6.6 

Cow 

Millon, Folin 

Beach 

57 

14.2 1 

j 5.310.1 

2.010.1 


Cow 

Rhode-May 

Jones 

342 

15.5 1 

1 

2.8 


Cow 

Fischer 

Jones 

340 

15.4 



1.3 

Cow 

Rhode-May 

May 

440 

(15.5) 


2.5 


Cow 

Millon, Folin 

Plimmer 

621 ' 

14.2 

4.1 1 

2.1 


Cow 

Bromination 

Plimmer 

622 

(14.2) 


2.1 


Human 

Millon, Folin 

Beach 

57 

13.7 

6.110.1 

2.010.1 


Human 

Millon, Folin 

Plimmer 

621 

14.6 

4,9 

2.7 


Human 

Bromination 

Plimmer 

522 

(14.6) 


2.7 
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AMINO ACID COMPOSITION 


MILK PROTEINS 

Aromatic Amiao Acids in MUk FroUim othar than Casein and Lactalbumin 


I Calculated to 16.0 gm. N. 


PBOTBIN 

MITHOD 

RBFBBENCa 

NITBO- 1 
OEN 

TYRO- 

SINE 

TRYPTO- 

PHANE 

PHENYIr 

ALANINB 




per cent 

gm. 

gm. 

gm. 

/S-Lactoglobulio 

Millon, Folin, Kapellex 

Bolling 112 

15.5 

4.6 

1.8 

6.3 

(S-Lactoglobulin 

Millon-Lugg 

Bolling 112 

15.5 

4.3 

2.0 


0-Lactoglobulin 

Millon-Lujcg 

Brand 128 

15.6 

3.9 

2.0 


Whole MiJk 

Millon-Lugg, Kapeller 

unpublished 


5.0 


6.3 

Whole Milk 

Millon, Folin, Kapeller 

unpublished 

: 15.2 

6.5 

1.6 

6.1 

Whole numan Milk 

Millon, Folin, Kapeller 

unpublished 

15.2 

6.1 

1.9 

6.9 

Whole Human Milk 

Millon-Lugg 

unpublished 

15.2 


1.9 



MILK PROTEINS 

Casein: Although some of the variations in the reported analyti- 
cal values for the aromatic amino acids in casein are due to changes 
in the composition of the protein itself, the large differences es- 
pecially in tryptophane appear to be due to the methods employed. 
The Voisenet-Rhode aldehyde procedures usually give double the 
value for tryptophane found by the Folin, Millon-Lugg, or other 
methods. This fact has led to several rather acrimonious, though 
relatively fruitless, controversies. 

Although the tyrosine content of caseins prepared from the 
milks of various animals appears to remain approximately con- 
stant, the quantities of tryptophane seem to vary significantly. 

Other Milk Proteins: The lactalbumins from human and cow’s 
milk contain more tryptophane than do the caseins, consequently 
human milk protein yields decidedly more tryptophane than the 
entire protein from cow’s milk. 
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MUSCLE PROTEINS 

Aronialic Amitio^cida in Animal Mwde Proteins 


Pal(ni]ated to 16.0 gm. N. 


ANIUAL 

1 

METHOD 

RSFEBENCE 

Nirao- 

GBN 

TTBO- 

1 SINE 

TBTPTO- 

PHANE 1 



1 



per cent 

gm. 

gm. ’ 


Beef 

Rhode-May 

Jones 

342 

(16.0) 


1.3 


Beef 

Isolation, Fischer 

Osborne 

498 

16.2 

2.2 


3.2» 

Beef 

Folin 

Pottinger 

527 

(16.0) 


0.9 


Beef 

Millon, Folin, Kapeller 

unpublished 


16.1 

3.4 

1.3 

4.9* 

Beef 

Millon, Folin, Kapeller 

Beach 

59 


. 4.3^ 

1 . 4 b 

j 4.9* 

Beef, Myosin 

Millon-Lugg 

Bailey 

44 

16.6 

3.2 

0.8 


Rat, normal diet 

Millon, Voiaenet 

Roche 

548 

1 15.8 

1 3.0 

1.8 


Rat, starved 

Millon, Voisenet 

Roche 

548 

i 16.7 

1 2.8 

1.6 

1 

Bat, protein starved 

Millon, Voisenet 

Roche 

548 

1 16.3 

2,5 

1.4 


Rat 

Millon, Folin 

Lee 

411 1 


4.4 

1.2 


Rabbit-Myogen 

Millon-Lugg 

Bailey 

44 

16.6 

4.1 

1.5 


Rabbit-Myosin 

Millon-Lugg ' 

Bailey 

44 

16.7 

3.2 ' 

0.8 

1 Total 


! 






Protein 

Rabbit-Globulin 

Millon-, Folin 1 

Folin 

23,3 

(16.0) 

3.9 ! 

1.6 

impure 

Rabbit-Globulin 

Millon, Folin 

Folin 

233 

(16.0) 

3.9 

1.0 

purified 

Rabbit-Myoain 

Voisenet and Rhode 

Komm 

377 

(16.0) 


1.5 


Rabbit-Myosin 

Fischer 

Sharp 

575 

16.8 



3.8* 

Rabbit 


Kandatu 

349 

(16.0) 

4.3 

1.8 

1.8* 

Veal 

Millon, Tnigg, Kapeller 

Beach 

59 ^ 


4.9*’ ' 

1.4^ 

4.4* 

Larab 

Millon, Lugg, Kapeller 

Beach 

59 


4 , 9 b 

1.4^ 

4.6* 

Pork 

Millon, Lugg, Kapeller 

Beach 

59 


4.4^ 

1.3*^ 

4.0* 

Dog-Myosin 

Millon-Lugg ^ 

Bailey 

44 

16.6 

3.2 1 

0.7 1 


Chicken-Myosin 

Millon-Lugg 

Bailey 

44 1 

16.6 

3.2 

0.8 


Chicken 

Millon, Folin 

Gurevich 

272 

(16.0) 

2. 4-3. 4 

0.8-1. 5 


Chicken 

Isolation, Fischer 

Osborne 

493 1 

(16.0) 

2.2 

1 

3.6“ 

Chicken 

Rhode-May I 

Tomiyama 

614 

1 (16.0) 


1.1 1 


Chicken 

Millon, Lugg, Kapeller 

Beach 

69 


4.3l> 

1.2h j 

4.6* 

Hawk 

Millon, Folin 

Gurevich 

272 

1 (16.0) 

2.6 

1.1 1 


Eagle 

Millon, Folin 

Gurevich 

272 ' 

(16.0) 

2.6 1 

1.2 1 


Pheasant 

Millon, Folin ' 

Gurevich 

272 ' 

(16.0) 

2.5 ! 

1.0 ' 


Parrot 

Millon, Folin ' 

Gurevich 

272 ' 

(16.0) 

2.3 1 

1.6 ! 


Turtle 

Millon, Lugg, Kapeller 

Beach 

69 


4.6^’ 

1.4^ 

4.3* 

Frog 

Millon, Lugg, Kapeller 

Beach 

59 


4.7^ 

1.4^ 

4.7* 

Mean with 2 XS.E. 


• 


16.0 

3.1±0.3 

1.2 + 0. 2 

4-5“ 


" Per cent of phenylalanine. 
** Omitted from Mean. 





amino acid composition 


MUSCIE proteins 

AromHtie AmiRO Acids in 


Calculated to 16.0 gm, 


^ UlT'RO- 

aes 


TtRO* 

SINK 


TRY pro- 

WfAA'JS / vl£,lVf\g 





1 per ceil t 

/ gm. 

/ gni. 

/ gm. 

Cod 

Fischer, Isolation 

1 Abderfaalden 24 

/ 13.6 

2.4 

2.5 

1.3 

Cod 

Mill on, Lugg, Kapeller 

\ Beach 59 

f 

4,5 

1.3 

4.3 

Cod 

Folin 

Pottinger 527 

(16.01 

1 

1 1.1 

1 

Menhaden 

Milloi), Folin, Kapeller 

unpublished 

11.6 

3.3 

1.0 

4.8 

Halibut 

' Isnlation, Fischer 

Osborne 493 

(16.0) 

2.4 


3.0 

Halibut 

Folin 

Pottinger 627 

(16.0) 


1.6 


Cat Fish 

Folin 

Pottinger 527 

(16.0) 


1.0 


Croaker 

Folin 

Pottinger 527 

(16.0) 


1.2 


Haddock 

Folin 

Pottinger 527 

(16.0) 


0.9 


Herring 

Folin 

Pottinger 527 

(16.0) 


1.3 


Lake Trout 

Folin 

Pottinger 527 

(16.0) 


1.2 


Mackerel 

Folin 

Pottinger 527 

(16.0) 


1.4 


Mullet 

■ Folin 

Pottinger 527 

(16,0) 


1.4 


Pilchard 

Folin 

Pottinger 627 

(16.0) 


1.3 


Red Snapper 

Folin 

Pottinger 527 

(16.0) 


1.2 


Salmon 

Folin 

Pottinger 527 

(16.0) 


1.3 


Salmon 

Millon-Lugg, Kapeller 

Beach 59 


4.4 

1.4 

4.5 

Shad 

Folin 

Pottinger 527 

(16.0) 


1.0 


Sea Trout 

Folin 

Pottinger 527 

(16.0) 

i 

1.0 


Tuna 

Folia 

Pottinger 527 

(16.0) 


1.2 


Boneto 

Rhode-May 

Tomiyama 614 

(16.0) 


1.2 


Whale 

Rhode-May 

Tomiyama 614 

(16.0) 


1.2 


Sardine 

Rhode-May 

Tomiyama 614 

(16.0) 


1.4 


Unknown-Myosin 

Millon-Lugg 

Bailey 44 

16.6 

4.1 

0.9 


Unknown 

Rhode-May 

Jones 342 

(16.0) 


1.3 


Mean with 2 XS.E, 





1.3±0.1 

4-5 


• Probably. 


MUSCLE PROTEINS 
Aromatic Amino Acids in Cmfoccan Prolema 


Calculated to 16.0 gm. N. 


SPECfES 

METHOD 

• 

ttEFERENCE 

NITBO- 

QEH 

TYRO- 

SINE 

j THTPTO- 
1 PHANE 

PHENTt/- 

ALANINB 




per cent 

gm. 

i 

gm. 

gm. 

Clam 

Folin 

1 Pottinger 527 

(16.0) 


1.2 


Crab 

Folin 

Pottinger 527 ; 

(16.0) 


1.1 


Lobster-myos/n 

Millon-Lugg 

Bailey 44 j 

16.1 

3.5 

0.8 


Shrimp 

Folin 

, Pottinger 527 | 

. (16.0) 


1,0 


Shrimp 

Millon-Lugg, Kapeller 

Beach 59 


4.7 


1 4.8 

Scallop 

Isolation, Fischer 

Osborne 496 

17.1 

1.8 

j 1.2 

4.6 


MUSCLE PROTEINS 

Muscle proteins from a wide variety of species show little if any 
significant differences in theiifcontent of the aromatic amino acids. 
It may be assumed that human muscle proteins likewise contain 
approximately four per cent of tyrosine, 1 per cent of tryptophane, 
and 4 per cent of phenylalanine. 
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PLANT PROTEINS 

Aromatic Amioo Acids in the Proteins of AuMropic Organisms (Aiffoe, Fem, etc.) 


Calculated to 16.0 gm. N. 


80URCB 

METHOD 

HEIPEBENCE 

TYBOBINE 

TBYPTO- 

PHANE 

PHENTL- 

ALANfME 

Fhormidium 

Millon, Folio, Isolation 

Mazur 442 

gm, 

3.4 

gm. 

0.2 

gin. 

2.1 

Ulva 

Millon, FoJin, Isolation 

1 Mazur 442 

f 0.0 

' 0.6 

1 4.3 

Laminaria 

Millon, Folin, Isolation 

Mazur 442 

3.9 

1.3 

1.9 

Sargaasum 

Millon, Folin, Isolation 

Mazur 442 

2.9 

1.8 

0.6 

Gloeotrichia 

Millon, Folin 

Mazur 443 

1.9 

0.4 


Macro cystis 

Millon, Folin 

Mazur 443 

0.6 

0.6 


Lesaoniopsis 

Millon, Folin 

Mazur 443 

1.2 

2.2 


Fucus 

Millon, Folin 

Mazur 443 

1.7 

0.6 


Cystoaeira 

Millon, Folin 

Mazur 443 

1.9 

0.9 


Egregia 

Millon, Folin 

Mazur 443 

1.4 

1.1 


CauLcrpa 

Millon, Folin 

Mazur 443 

2.7 

2.2 


Codium 

Millon, Folin 

Mazur 443 

1.0 

0.5 


Chondrua* 

Millon, Folin, Isolation 

Mazur 442 

4.8 

1.9 

2.8 

Diatoms 

Millon, Folin 

Mazur 443 

0.4 

7.3 


Pteridium 

Millon-Lugg 

Lugg 433A 

4.3 

1.3 



* Irish Moss. 


PLANT PROTEINS 

Aromatic Amino Acids in Biologically Active Substances 


Calculated to 16.0 gm, N. 


PBOTEIN 

METHOD 

HEFERENCE | 

NITKO- 

CEN 

TYBO- 

SrNE 

TBYPTO- 

PHANE 

PHBNYL- 

ALAWINE 





per cent 

gm. 

gm. 

gm. 

Gramicidin 

Millon, Folin, Kapeller 

Christensen 

162 

14.6 

0.0 

38.6 

0.0 

Gramicidin 

•Rhode-Bates 

Christensen 

162 

14.6 


i 36.7 


Gramicidin 

Rhod e-May 

Hotchkiss 

310 

14.8 


43.7 


Tyrocidine 

Millon, Folin, Kapeller 

Christensen 

162 

14.5 

14.7 

5,5 

24.0 

Tyrocidine 

Rhode-Bates 

Christensen 

162 

14.5 


7.0 


Tyrocidine 

Rhode-May 

Hotchkiss 

310 

14.3 


18,6 


Yellow Enzyme 

Millon, Voisenet, Kapeller 

Kuhn 

393 ' 

16.3 

7.7 

4.8 

5.6 

Allergen-cottonfioed 

Millon, Hopkins 

Spies 

585 

19,8 

1.4 

0.0 


Allergen-cottonseed 

Millon, Hopkins 

Spies 

585 

20.2 

1.4 

0.0 


Allergen-cottonseed 

Millon, Hopkins 

Spies 

585 

11,6 

1.8 

0.0 


Crystalb'ne Wheat 


Balls 

48 

17.4 

3.0 
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AMINO ACID COMPOSITION 


PLANT PROTEINS 

Aromatic Amino Acids in Com {Zea Mays) JCernel Proteins other than Zein 


Calculated to 16.0 gm. N. 


PBOTEIN 

METHOD 

REFERENCE 

NITRO- 

GEN 

i 

j TYRO- 
SINE 

TRYPTO- 

PHANE 

PHENYL- 

ALANINE 




per oent 

gm. 

gm. 

gm. 

Corn-white, whole 

Millon, Folin, Kapeller 

unpublished 


i 6.6 

0.6 

5.0 

Corn -white, whole 

Millon, Rhode-May 

Caonka 181 


7.1 

0.4 


Corn-yellow, whole 

Milton, Kapeller 

unpublished 


5.5 


4.0 

Corn-yellow', whole 

Millon-Lugg 

unpublished 



1.1 


Corn-yellow, whole 

Millon, Rhode-May 

Csonka 181 


6.3 

0.6 


Gluten-white 

Millon, Folin, Kapeller 

unpublished 

10.9 

6.9 

0,6 

6.8 

Gluten-white 

Millon-Lugg 

unpublished 

10.9 

6.1 

0.7 


Gluten-yellow 

Millon, Folin, Kapeller 

unpublished 

12.7 

6.7 

0.7 

6.4 

Gluten-meal 

Millon, Folin, Kapeller 

unpublished 


7.1 

1.5 

6.7 

Gluten 

Rhode-May 

May 440 

(Ifi.O) 


1.1 


Gluten-NaOH soluble 

Isolation, Fischer 

Osborne 490 

(16.0) 

3.8 


1.7 

Glutelin 

Millon, Rhode-May 

Csonka 177 

(16.0) 

5.0 

2.1 


Germ-white 

Millon, Folin, Kapeller 

unpublished 

11.8 

4.3 

1.3 

5.6 

Germ-white 

Millon-Lugg 

unpublished 

11.8 

3.8 

1.3 


Germ-yellow 

Millon, Folin, Kapeller 

unpublished 

12.8 

6.7 

1.3 

6,5 

Zein Residue 

Millon-Lugg, Kapeller 

unpublished 

10.9 

6.2 

1.1 

4.5 

A Ibumi n 8 -yel to w 

Millon-Lugg, Kapeller 

unpublished 

12.6 

3.8 

0.7 

1.7 

Bran-yellow 

Millon-Lugg 

unpublished 


10.8 

1.0 



PLANT PROTEINS 
Aromatic Amino Acids in Edcstin 


Calculated to 16.0 gm. N. * 


METHOD 

REFERENCE 

NITRO- 

GEN 

TYRO- 

SINE 

TRYPTO- 

PHANE 

PHENYL- 

ALANINE 





per cent 

gm. 

gm. 

gm. 


Fischer 

Abderhalden 

1 

18.6 



2.1 


Isolation, Fischer 

Abderhalden 

8 

(18.6) 



3.4 


Millon-Lugg 

Bailey 

44 

18.4 

3.7 

1.3 



Millon, Folin 

Beach 

55 

17.1 

3.9 

1.2 



Millon, Folin 

Folin 

231 

(18.6) 

5.0 

1.2 



Millon, Folin 

Folin 

232 

(18.6) 

3.9 

1.3 



Millon, Folin 

Folin 

233 

(18.6) 

3.7 

1.3 



Voisenet 

Fiirth 

249 

(18.6) 


1.5 



Millon-Fiirth 

Fiirth 

250 

(18.6) 

3.7 




Millon- A mow 

Gordon 

261 


2.7 




Rhode-May 

Jones 

342 

(18.6) 


2.2 



Kapeller-Adler 

Kapeller 

350 

(18.6) 



3.4 


Millon, Voisenet 

Kiesel 

363 

18.4 

1.9 

1.4 


10% NaCl extraction 

Millon, Voisenet 

Kiesel 

363 

18.4 

1.9 

1.1 


3% NaCl extraction 

Millon, Voisenet 

Kiesel 

363 

18.4 

3.2 

1.4 


heat coagulum 

Millon. Voisenet 

Kiesel 

363 

18,4 

3.3 

0.9 


heat coagulum 

Millon, Voisenet 

Kiesel 

363 

18.4 

2.7 

1,3 


heat filtrate 

Millon 

Kiesel 

363 

18.4 

2.6 



heat filtrate 

KoUmann 

KoUmann 

376 

(18.6) 



3.0 


Voisenet-Kraus 

Kraus 

389 

(18.6) 


1.1 



Millon-Lugg 

Lugg 

432 

18.5 

3.7 

1.3 



Rhode-May 

May 

440 

(18.6) 


1.3 



Folin 

May 

440 

(18.6) 


1,2 



Hopkina-Shaw 

Shaw 

677 

(18.6) 


1.1 



Rhode-May 

Shaw 

577 

(18,6) 


2.2 



Rhode-May 

Tomiyama 

614 

(18.6) 


1.3 



Millon 

1 

1 

699 

(18.6) 

4,2 




Mean with 2XS.E. 




3.3±0.4 

l,4±0.1 

>4 
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PLANT PEOTEINS 
Aromatic^ Amino Acids in Gliadin 


^culated to 16.D gm. N, 


method 

REFKRBNCB 

1 

1 

NITROOEN 1 

TYBOBWE 

TRTPTO- 

PKAEE 

PHERTLr 

ALANIRE 




per cent 

gm. 

gm. ; 

gm. 

Isolation, Fischer 

Abderhalden 

7 

(17.7) 

2.2 


2.4 

Milloii, Folin ^ 

Folin 

231 

(17.7) 

3.2 

1.0 


Millon, Folin ' 

Folin 

232 

i (17.7) 

2.8 

0.8 


Millon, Folin 

Folin 

233 

(17.7) 

3.0 

0.7 


Pauly-Hanke 

Hanke 

280 

(17.7) 

2.1 



Millon, Folin 

Holiday 

302 

(17.7) 

2.8 

0.9 

1 

Spectrophotometric 

Holiday 

302 

(17.7) 

3.5 

0.6 

i 

Rhode-May 

Jones 

342 

(17.7) 


0.8 


Voiaenet-Kraua 

Kraus 

380 

(17.7) 


, 0.5 


Rhode-May 

May 

440 

(17.7) 


1 1.0 


Folin 1 

May 

440 

(17.7) 


1 1.0 


Isolation, Fischer ! 

Osborne 

489 

17.7 



2.3 

Mean with 2XS.E. 




2.8±0.4 ' 

O.SiO.l ' 


* Omitted from mean. 







PLANT PROTEINS 
Aromatic Amino Acids in Grass Proteins 


Calculated to 16,0 gm. N. 


80UROJS 

/lETHOD 

REFERENCE 

NITROGEN 

TTROBINB 

' TRYPTOPHANE 




per cent ' 

gm. 

i gm. 

Cocksfoot ' 

Millon-Lugg 

Lugg 432 ! 

12.9 

4.8 

2.1 

Cocksfoot 

Mitlon'T/URg 

Lugg 433 


4.8 

2.1 

Canary 

Millon-Lugg 

Lugg 432 ' 

15.4 ' 

5.0 

2.0 

Rye 

Millon-Lugg 

Lugg 432 

13.6 

4.8 

2.0 

Rye 

Millon-Lugg 

T.ugg 433 


4.9 

2.2 

Moadow 

Millon-Lugg 

Lugg 432 

i 14.0 

4.8 

2.1 

Fescue 

Millon-Lugg 

Lugg 432 

j 14.3 

4,9 

2.2 

Dogtail 

Millon-Lugg 

Lugg 432 

14.1 

4.9 

2.3 

Lucerne 

Millon-Lugg 

Lugg 432 ^ 

14.0 

5.6 

2.3 

Salt bush 

Millon-Lugg 

Lugg 432 

12.1 

1 

5.3 

2.0 

Mean with 2XS.’ 

E. 



5. 0 + 0. 2 

2. 1 + 0.1 


PLANT PROTEINS 
Aromatic Amino Acids in Leaf Proteins 


Calculated to 16.0 gm. N. 


SOURCE 

METHOD 

REFERENCE 

NITRO- 

GEN 

TYRO- 

SINE 

trypto- 

phane 

PHENYL- 

ALANINE 




per cent 

gm. 

gm. 

gm. 

Alfalfa Meal 

Millon, Folin, Kapeller 

1 unpublished 

i 10.6 

5.7 

3.0 

4,5 

Alfalfa Meal 

Millon-Lugg 

unpublished 

10,6 


1.6 


Clover-red 

Millon-Lugg 

Lugg 432 

12.8 

5.2 

2.0 


Clover-white 

Millon-Lugg 

Lugg 432 

13.1 

1 5.2 

2,2 


Runner Bean 

Miilon-Lugg 

Lugg 432 

13.3 

4.9 

1.8 


Spinach 

Millon-Lugg 

Lugg 432 

14.1 ' 

6.4 

1.9 


Beet Topa 

Millon-Lugg 

Lugg 433 


5.3 

2,4 


Mean with 2 X 

S.E. 



5. 3 + 0. 2 

2. 1 + 0. 4 

4 to 5 
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AMINO ACID COMPOSITION 


PLANT PROTEINS 

Aromatic Amino Acids in MisceUt^neoua Plant Proteins 

Calculated to 16.0 gm. N. 


SOURCE 

1 

1 METHOD 

reference 

NITRO- 

GEN 

TYRO- 

SINE 

TRYPTO- 

PHANE 

PHENYL- 

ALANINE 


1 Miilon, Folin 

1 FoJin 


per cent 

gm. 

gm. 

gm. 

Cot ioflseed-.g:/obuJjn 



233 

(18.6) 

3.1 

... ) 

1.1 


Cottonseed'gJobu/m 

MiUon-Lugg, KapeJ/er 

Fontaine 

238 

' 16.9 

3.4* 

1.3* 

7.8 

Cottuiiseed-globulin 

Millon-Lugg, Kapcller 

Fontaine 

238 

17.9 

2.9 

1.3 

8.1* 

Cottonseed-globulin 

Rhode-May 

Jones 

342 

(18.6) 


2.2 


Cottonseed-globulin^ 

Isolation, Fischer 

Abderhalden 

6 

(18.6) 

2.0 


3.4 

Cottonseed-meal 

Millon-Lugg, Kapeller 

unpublished 



3.2 

1.3 

6.8 

Linseed meal 

MLllon, Folin, Kapeller 

unpublished 



5.1 

3.0 

6.6 

Linseed meal 

Millon-Lugg 

unpublished 



6.1 

1.9* 


Peanut-Aracbin 

Miilon, Kapeller 

unpublished 


17.0 

4.1 


5.5 

Peanut-Araehin 

Folin-Denis 

Johns 

322 

18.3 

4.8 



Peanut-Aracbin 

Rhode-May 

Jones 

342 

(18.3) 


0.8 


Peanut meal 

Millon-Imgg, Kapeller 

unpublished 



4.4 

1.0 

6.4 

Soybean Meal (?) 

Millon-Lugg, Kapeller 

Heinrich 

286 

7 

5.6 


3.6 

Soybean meal 

Miilon, Folin, Kapeller 

unpublished 



4.1* 

1.6 

6.7 

Soybean glycinin 

Rhode-May 

Jones 

342 

(17.5) 


1,6 


Soybean glycinin 

Miilon, Voisenet 

Kiesel 

362 

17.5 

1.8 

1.6 


Soybean glycinin 

Rhode-May 

May 

440 

(17.6) 


1.6* 


Soybean protein 

Rhode-May 

Tomiyama 

614 

(16.0) 


1.3 


Castorbean-Ricin 

Isolation, Voisenet 

Karrer 

355 

(17.0) 

2.7 

0.4 


Barley-Hnrdein 

Isolation 

Kleinschmitt 369 

17.2 

3.7 


6.1 

Barley-Hordein 

Voisenet-Kraus 

Kraus 

389 

(17.2) 


0.6 


Pea (?)-Legumin 

KoUnian 

Kollman 

376 

(17.0) 



4.6 

Squashseed-glob. 

Voiaenet-Kraus 

Kraus 

389 

(17.0) 


1.8 


Cucubitseed-glob. 

Miilon, Folin 

Vickery 

657 

18.5 

3.8 

1.6 


Rubber latex 

Millon-Lugg 

Tristram 

620 

15.0 

6.7 

1.4 


llaxseed meal 

Millon-Lugg, Kapeller 

unpublished 



3.9 

1.8 

6.0 

Lupine Meal 7 


Heinrich 

286 

? 

6.6 


4.5 

Oat Meal 

Millon-Lugg, Kapeller 

unpublished 



4.5 

1.3 

7.2 

Rice Cereal 

Millon-Lugg, Kapeller 

unpublished 




1.3 

6.3 

* Best Values 









SOURCE 


PLANT PROTEINS 

Aromatic Amino Acids in Oot and Rice Proteins 


METHOD 


REFERENCE 


Calculated to 16.0 gm. N. 


TYROSINE 


TRYPTOPHANE 


OAT PROTEINS 


Whole-Rockland 

Miilon, Rhode-May 

Csonka 

182 

12,0 

0.3 

Whole-Commercial 

Miilon, Rbode-May 

Csonka 

182 

7.4 

0.4 

Rolled 

Miilon, Rhode-May 

Csonka 

182 

2.9 

1,5 

Middlings 

Miilon, Rhode-May 

Csonka 

182 

4.7 


Shorts 

Miilon, Rhode-May 

Csonka 

182 

6.7 


Glutelin 

Miilon, Rhode-May 

Csonka 

177 

, 4.4 

i 1.9 


RICE PROTEINS 



Whole 1 

Rhode-May 

Kik 

364 1 


1.0 

Polished 

Rhode-May 

Kik 

364 1 


l.O 

Germ 

Rhode-May 

Kik 

364 


0.7 

Polishings 

Rhode-May 

Kik 

364 

1 

0.9 

Arkansas 155 

Rhode-May 

Kik 

364 


0.7 

Shoemed 

Rhode-May 

Kik 

364 


1.1 

Arcadia 

Rhode-May 

Kik 

364 


1.1 

Zenith 

Rhode-May 

Kik 

364 


0.9 

Fortuna • 

Rhode-May 

Kik 

364 


l.l 

Glutelin 

Miilon, Rhode-May 

Csonka 

177 

6.8 

1.8 
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PLANT PROTEINS 
Aromatic Amino Acids in Viruses 


» Cal culated to 16.0 gm. N. 


PROTEIN 

METEOD 

REFERENCE 

NITEO- 

GBN 

TYKO- 

81NE 

TRYPTO- 

PHANE 

PHENYL- 

ANAUNE 





per cent 

gm. 

gm. 

gm. 

Virus-Tobacco Mosaic 

Millon, Hopkins, Kapeller 

Knight 

370 

(16,0) 

3.8 

4.5 

6.0 

Virus-Tobacco Mosaic 

Milion-Lugg, Kapeller 

Ross 

.’556 

(1G,0) 

3.9 

2.0 

6,3 

Virus-Tobacco Mosaic 

1 Flopkins-Shaw 

Hoes 

556 

(16.0) 


■ 4.5 


Virus-Tobacco Mosaic 

Millon, Hopkins 

Ross 

557 

15.9 

4.3 

4.9 

6.7 

Virus-Yellow Ancuba 

Millon, Hopkins, Kapeller 

Knight 

370 

(16.0) 

3.9 

4,2 

6,3 

Virus-Green Ancuba 

Millon, Hopkins, Kapeller 

Knight 

370 

(16.0) 

3.9 

4,2 

6.1 

Virua-EToIme’s ribgrass 

Millon, Hopkins, Kapeller 

Knight 

370 

(16.0) 

. 6,4 

3.6 

4.3 

Virus-Holme’s mashed 

Millon, Hopkins, Kapeller 

Knight 

370 

(16.0) 

3.9 

4,3 

6.1 

Virus-J14D1 

Millon, Hopkins, Kapeller 

Knight 

370 

(16.0) 

3.8 

4.4 

6.1 

Virus-Cucumber 4 

Millon, Hopkins, Kapeller 

Knight 

370 

(10.0) 

3.8 

1.4 

10.2 

Virus-Cucumber 3 

Millon, Hopkins, Kapeller 

Knight 

370 

(16.0) 

4.0 

1.5 

10.0 


PLANT PROTEINS 

Aromatic Amino Acids in iV/ieat Proteins other than Gliadin 


Calculated to 16,0 gm, N. 


PROTEIN 

METHOD 1 

REFERENCE 

NITRO- 

GEN 

TYRO- 

SINE 

TEYPTO- ' 
PHANK ' 

PHENYL- 

ALANINE 

i 

i 




per cent 

gm. 

gm. 

gm. 

Whole Wheat 

Millon, Kapeller 

unpublished 


4,8 


5.7 

Whole Wheat ! 

iCtillon-Lugg 

unpublished 


3.9 

1.2 


Hard wheat 

Millon, Rhode-May 

Csonka 

170 1 


4.2 

0.4 


Hard wheat 

Millon, Rhode-May 

Csonka 

179 

1 

1 3.5 

0.4 


Soft wheat 

Millon, Rhode-May 

Csonka 

170 

! 

i 2.8 

0.5 


Wheat Flour 

Millon, Folin, Kapeller 

1 unpublished 

12.8 

3.8 

0.8 

5.5 

Hard wheat flour 

Millon, Rhode-May 

Csonka 

180 


1 2.5 

1.3 

1 

Hard wheat flour 

Millon, Rhode-May 

Csonka 

180 

1 

i 3.7 ! 

1.4 


Wheat Gluten 1 


Padoa 

508 

7 ' 

1 1.3 

1.2 

4.1 

Glutelin 

Millon, Rhode -May 

Csonka 

177 

(16.0) ! 

i 5.4 

2.1 


Glutenin 1 

Millon, Folin 

Folin 

231 

(16.0) 

4.6 1 

1.7 

i 

Gluten in 1 

Rhode-May 

Jones 

342 ! 

(17.5) 


1.6 


Glutenin 1 

Rhode-May ] 

May 

440 1 

(17.5) 

1 

1.6 


Glutenin 

Folin 

May 

440 1 

(17.5) 

1 

1.5 


Glutenin 

Isolation, Fischer ' 

Osborne 

489 

17.5 

3.9 


1.8 

Germ 

Millon, Folin, Kapeller ^ 

unpublished 


3.8 

1.0 

4.2 

Germ-Leuoosin 

Isolation, Fischer 

Osborne 

489 

16.8 

3.1 


3.6 

Bran 

1 

Rhode-May 

Jones 

342 

(16,0) 


4.8 
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PLANT PROTEINS 


Aromatic Amino Acids in Ycojt and Mold Proteins 

Calculated to 16.0 Rm. N. 


SOUBCE 

METHOD 

befeubncb 

MITRO- 

GBN 

TTBO- 

8INE 

TRYI'TO- 

FHANE 

PHBNTlr 

ALANINE 

Brewer’s 

Min on, Folin, 

unpublished 

per cent 

gril. 

4.0 

gm. 

1.4 

gm. 

3.6 

Brewer’s 

Kapellcr 

Millon, Folin, 

unpublished 

14.4 

3.6 

0.9 

4.3 

Brewer's 

Kapeller 

Millon, Folin, 

unpublished 


4.5 

0.8 

4.5 

Brewer’s 

Kapeller 

Millon, Folin, 

unpublished 


4.8 

1.1 

4.1 

Brewer'a-IIiO soluble 

Kapeller 

Millon, Rhode-May 

Csonka 178 

15.3 

4.3 

2.8 


Brewer’s-NaCl soluble 

Millon, Rhode-May 

Csonka 178 

16.2 

3.8 

2.5 


Brewer's-NaOH soluble 

Millon, Rhode-May 

Csonka 178 

16.4 

3.8 

1.6 


Baker's 

Millon, Folin, 

unpublished 


4,2 

l.l 

3.9 

Baker' s-HiO soluble 

Kapeller 

Millon, Rhode-May 

Csonka 178 

15.6 

4.9 

2.7 


Baker's NaCl soluble 

Millon, Rhode-May 

Csonka 178 

16.2 

4.2 

3.0 


Baker’s NaOH soluble 

Millon, Rhode-May 

Csonka 178 

14.8 

3.4 

1.9 


Steep Water 

M o Id- A sper gi 1 lus 

Millon, Kapeller 
Isolation 

unpublished 
Woolley 689 

5.15 

4.9 

1.3* 

0.1* 

4.1 

0* 

Mean with 2XS.E. 

* Omitted from mean 




4.2±0.2 

1.8±0.5 

4.1 


PLANT PROTEINS 
Aromatic Amino Acida in Zein 


Calculated to 16.0 gm. N. 


METHOD 

KEFEKENCE 

NITROGEN 

TYROSINE 

TRYPTO- 

PHANE 

PHENYL- 

ALANINE 




per cent 

gm. 

gm. 

gm. 

Isolation 

Brasier 

129 

17.5 

2.4* 


6.9 

Isolation 

Dakin 

186 

16.1 



7.6 

Folin 

Folin 

232 

(16.1) 


0.2 


Millon, Folin 

Folin 

233 

(16.1) 

5.9 

0.3 


Pauly-Hanke 

Hanke 

280 

(16.1) 

3.6 



Spectro photometric 

Holiday 

302 

(16.1) 

8 



Kapeller-Adler 

Kapeller 

360 

(16.1) 



5.0 

Kollmann 

Kollmann 

376 

(16.1) 



6.5 

Voisenet-Kraus 

Kraus 

388 

(16.1) 


0.2 


Pucher-Arhimo 

Laine 

398 

(16.1) 

6.4 



Rhode-May 

May 

440 

(16.1) 


0.0 


Folin 

May 

440 

(16.1) 


0.0 


Isolation, Fischer 

Osborne 

490 

16.1 

3.6 


4.9 

Isolation, Fischer 

Osborne 

499 

16.1 

3.6 


6.6 

Kapeller-Adler 

Virtanen 

663 

14.5 



7.5 

Millon-Lugg, Kapeller 

unpublished 


16.4 

5.2 

0.1 

6.4 

Mean with 2 XS.E, 




6. Oil. 2 

0.1 

6.4±0.7 

* Omitted from mean 
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PLANT PROTEINS 

Autotropic-Organisms: TheHyrosine and tryptophane analyses 
were carried out by Mazur and Clark (442, 443) on the whole lipid- 
free organisms. In a typical experiment, 50 gm. of Sargassum were 
suspended in 500 ml. of 10 per cent barium hydroxide and heated on 
the steam bath for 4 days. The barium was removed and the solu- 
tion was concentrated to 100 ml. After treatment with kaolin, a 
20 ml. aliquot was found to contain 1.32 mg. of tyrosine nitrogen 
or approximately 0.17 per cent tyrosine in the dried Sargassum 
and 1.39 mg, of tryptophane nitrogen or 0.1 per cent of trypto- 
phane on the dried basis. 

In spite of the fact that Homer (305) and Onslow (483) showed 
that tryptophane was destroyed on long heating with baryta, 
especially in the presence of certain inorganic salts; that Eujiwara 
and Kataoka (254) and Schild and Enders (566) proved that the 
Folin phosphomolybdo tungstic acid method for tryptophane gave 
entirely unreliable results except with purified proteins and amino 
acid mixtures; that Wu (693) found that one part of cuprous copper 
in 5,000,000 can reduce the Folin phenol reagent, and that Ilerriott 
(289) found that small quantities of cupric ion can greatly enhance 
the quantity of blue color formed by many substances which may 
be found in the hydrolysate of a highly impure protein preparation, 
nevertheless, Mazur and Clarke (442) say ^^The analytical method 
employed in this study gave quantitatively reliable values for 
tyrosine and tryptophane The figures given in the table, 

especially those for tryptophane, are very likely the resultant of a 
number of extraneous substances some of which tend to destroy 
tryptophane and others which reduced Folin’ s reagent to give 
^^high^' values. If their results were true, the protein (NX 6. 25) 
of diatoms should be a most valuable commercial source of trypto- 
phane, especially for animal feeds. Lugg^s (433A) values appear 
reasonable. 

Biologically Active Substances: The large quantity of tryptophane 
present in the bacteriocidal polypeptide, gramicidin and the lack 
of tyrosine in this substance are noteworthy. In the case of the 
tyrocidine, the quantity of tyrosine is considerable and equal to 
or greater than that of tryptophane. 

It should be noted that two investigators using minor modifica- 
tions of the Voisenet-Rhode reaction obtained large differences in 
the tryptophane ^‘content” of apparently identical, highly purified 
protein-hke substances. 

Corn Proteins (except Zein) : Most corn proteins appear to be a 
good source of tyrosine and phenylalanine but except for the germ 
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proteins are somewhat deficient in tryptophane. Corn gluten and 
corn albumins (steep water proteine) are the poorest in trypto- 
phane, while the geum proteilis and the zein-free gluten (zein resi- 
due) appear to be average sources of this essential amino acid. 
The large quantity of tyrosine in corn bran proteins requires con- 
firmation. 

Edestin: The tyrosine values are of special interest in KieseFs 
experiments on the effects of heat coagulation of proteins. Heat co- 
agulation is rather generally used to prepare a protein for analysis. 
These results and those of Calvery on pepsin indicate that proteins 
so prepared may differ somewhat in composition when compared to 
the original crystalline material. 

Grasses and Green Leaf Proteins: These tissue proteins, in con- 
trast to many endosperm proteins, appear to be good sources of 
tryptophane. 

Seed Protems: Cottonseed globulin, linseed meal, soybean meal, 
squash seed globulin, cucubit seed globulin, and flaxseed meal pro- 
teins contain more tryptophane than corn and w^heat proteins. 
The principal protein of the peanut, arachin, appears to be quite 
deficient in tryptophane. 

Oat and Rice Proteins : These proteins appear to yield more tryp- 
tophane than wheat or corn. Csonka’s tyrosine valhes in oat pro- 
teins require confirmation. 

Viruses: A number of the plant viruses are unusually rich in 
tryptophane, as determined by the Shaw-McFarlane modification 
of the Hopkins-Cole procedure. The large quantity of phenyl- 
alanine in cucumber virus is noteworthy. 

Wheat Proteins (other than Gliadin): Wheat proteins do not 
contain a superabundance of the aromatic amino acids and many 
of them are deficient in tryptophane. 

The high value for tryptophane in wheat bran warrants further 
study. 

Yeast Proteins: Although the quantity of tyrosine and of phenyl- 
alanine present in yeast proteins appears to be approximately 
constant, further study is necessary to ascertain the quantity of 
tryptophane in the total protein. It seems to be between 1 and 2 
per cent. 

Zein: This protein is devoid or almost devoid of tryptophane, a 
fact long known. Zein is relatively rich in both tyrosine and 
phenylalanine. 
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TISSUE PROTEINS 

Aromatic Amino Acids in Mi^eUaTnout Beef Twswe ond Organ Prolems 
(unpublished experiments) 


Calculated to 16.0 gm. N. 


ORGAN 

METHOD 

NrmooEN 

TTB08INB 

TRYPTO- 

PHANE 

PBENTD- 

ALANINB 



per cent 

gitt. 

gm. 

gm. 

Kidney 

Millon>Lugg, Kapcller 

15.6 

3.2 

1.2 

5.6 

Kidney* 

Millon, Folin. 


4.8 

1.7 


Kidney^ 

Millon-Tmgg, Kapeller 


4.G 

1.8 

5.5 

Lung ' 

MUlon-Lugg, Kapelier 

15.3 

2,7 

0.8 

4.7 

Lung*^ 

Millon-Lugg, Kapelier 


3.8 

1 1.8 

1 4.1 

Pancreas 

Millon-Lugg, Kapelier 

15.5 

3,0 

i 1-4 

i 4.4 

Salivary Gland 

Millon-Lugg, Kapelier 

15.7 

2.6 

0.8 

I 3.6 

Spleen 

Millon-Luggi Kapelier 

15.7 

1 2.9 

0.8 

i 4.6 

Thymus 

Millon-Lugg, Kapelier 

15.4 

1 2.5 

0-6 

1 3.3 

Ovaries 

Millon-Lugg, Kapelier 

16.8 

1 2.6 

0.7 1 

4.8 

Testes 

Millon-Lugg, Kapelier 

15.4 

3.1 

1.0 

5.5 

Heart 

Millon-Lugg, Kapelier ^ 

14.8 

3.4 

i 1.1 

5.7 

Heart*’ 

Millon-Lugg, Kapelier 


4.4 ' 

i 1-^ 

5.1 

Bladder 

Millon-Lugg, Kapelier 

15.9 

2.9 ' 

0.6 

3.5 

Intestine 

Millon-Lugg, Kapelier 

15.3 ! 

3.3 ' 

0.7 

4.8 

Adrenal 

Millon-Lugg 

15.9 1 

3.7 

1.1 


Btomach*’ 

Millon-Lugg, Kapelier 


3.7 

1.0 

3.3 

* Lee 411 






Beach 5'J 







■» TISSUE PROTEINS 

The relatively small quantity of tryptophane present in many 
of the glandular tissues does not appear to be the result of any ex- 
perimental error as similar values were found by the Eolin pro- 
cedure. The deficiency in tryptophane is apparently the result of 
the quantity of albuminoids and of nucleo-proteins present in these 
organs for the recent results of Mirsky (461) suggest that ^‘pure” 
nucleoproteins are devoid of this amino acid. 



chapter'iii 

THE SULFUR CONTAINING AMINO ACIDS* 

CYSTINE, CYSTEINE, AND METHIONINE 



Cystine 

Cysteine 

Methionine 

Empirical Formula 

C6Hu04N2S2 

CsHtOjNS 

CjIInOjNS 

Optical Form 

1 

1 

1 

Molecular Weight 

240.23 

121.12 

149.15 

Carbon 

29.97 


40.23 

Hydrogen 

5.03 


7.43 

Nitrogen 

11.66 


9.39 

Oxygen 

26.64 


21.45 

Sulfur 

26.69 


21.50 

Melting Point 

256-258 (decomp.) 


^ 283 (uncor.) 


PART I 
HYDROLYSIS 

C YSTINE AND CYSTEINE: The destructive effects of alkali 
on cystine and cysteine are so extensive as to preclude the 
use of these reagents as hydrolyzing agents of proteins when 
either of these two amino acids per se, are to be determined. 

The effects of acid hydrolyzing agents on cystine and cysteine 
are variable. Bolling and Block (112) found no loss of cystine as 
indicated by recovery experiments during 20 hour hydrolysis of 
/?dactoglobulin with 10 volumes of a 1:1 mixture of 18 per cent 
hydrochloric acid and 90 per cent formic acid. The non-specific 
Folin phospho- 18- tungstic acid and the specific Fleming- Vasscl 
p-phenylene-diamine methods were used to determine cystine. 

Lugg (428), using a modification of the Folin method, likewise 
found very slight losses of cystine and only a small loss of cysteine 
during HCl hydrolysis in the absence of carbohydrate. In the pres- 
ence of small amounts of carbohydrate, 6 to 7 per cent of cystine 
was lost while 85 to 100 per cent of the cysteine could not be recov- 
ered, When relatively large quantities of carbohydrate were pres- 
ent, even cystine was largely destroyed. 

The destructive action of carbohydrate breakdown products on 
cysteine and cystine may be explained, in part at least, by the 
formation of derivatives of thiazolidine carboxylic acid, Ratner 

• Recommended procedures are starred. 
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and Clarke (540) have shown that formaldehyde reacts with cysteine 
to yield thiazolidine-4-carboxylic acid. 


CH 2 SH , CH 2 - S 


CHNH^-f-HCHO 

I 

COOH 


CH2 

/ 

CH— NH +H 2 O 

I 

COOH 


Pollard and Chibnall (524), using the highly specific Sullivan 
reaction, found comparable yields of cystine in grass proteins fol- 
lowing hydrolysis with 20 per cent IICl overnight and peptic, 
tryptic,- and ereptic digestion. However, 20 hour hydrolysis with 
8 N II2SO4 gave only 84 per cent of the expected quantity of cystine. 

Bailey (43), using modifications of the Foiin and Sullivan cystine 
methods, found that cystine added to edestin gave 99 ±2 per cent 
recoveries, but the absolute cystine values varied, indicating that 
part of the cystine in peptide linkage may be more readily de- 
stroyed. He reports that 30 per cent of the cystine and 20 per cent 
of the methionine present could be lost on hydrolysis with 5 n HCl 
for 15 hours. 

Miller and duVigneaud (455) found that when insulin, a protein 
devoid of carbohydrate, was hydrolyzed with an equal mixture of 
concentrated HCl and formic acid for 48 hours there was little or 
no destruction of cystine. If the hydrolysis was carried out for the 
same length of time with 20 per cent HCl alone, an appreciable loss 
was observed. It should be pointed out however that 6 to 8 hour 
hydrolyses with 18 to 20 per cent HCl are entirely adequate for all 
protein preparations which we have investigated. 

A number of investigators have shown that abnormally high re- 
sults for cystine were obtained when the original Foiin phospho-18- 
tungstic acid method was applied to deaminated or partially hy- 
drolyzed proteins or to preparations hydrolyzed in the presence of 
large quantities of carbohydrate. Results so obtained must there- 
fore be accepted with great caution. 

Alving and Mirsky (30) made the interesting observation that if 
a protein (serum albumin, serum globulin) is hydrolyzed with dif- 
ferent concentrations of sulfuric acid (6 to 11 n), the ^^cystine’’ 
content of the protein, as estimated by the Foiin method, increases 
with increasing concentration of the acid. 

McFarlane, Fulmer, and Jukes (448) found that the amount of 
cystine in casein, egg albumin, and egg yolk proteins was approxi- 
mately 20 per cent higher following tryptic digestion than by sul- 
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furic acid hydrolysis. Folin’s phospho-18-tungstic acid method was 

protein with an excess of 57 per cent III 

Lvgg 431) hydrolytic losses are mini- 

under nitrogen for 6 to S hours, rue nj-u J , 

miiied in this strongly reducing atmosphere. Except for technical 
disadvanlages, Viiydiiodic. acid appears to be the most suitable 
hydrolyzing agent for use with protein prcpartltlOTlS which COJltSLin 


carbohydrate and similar compounds. It is usually unnecessary in 
the deiermmijtion of cystine in protein preparations of adequate 
nitrogen content. 

Probably the most careful series of investigations on the hydro- 
lytic destruction of cystine are those of Sullivan, Hess and their 
collaborators. Sullivan, Hess, and Smith (600) found somewhat 
less cystine in insulin hydrolysates after hydrolysis with 20 per 
cent hydrochloric acid than after heating with 20 per cent HClin 
90 per cent formic acid for 12 hours (oil bath, 125 to 135°). They 
stress the point that if hydrolysates are kept for some time there is 
a significant loss of cystine as estimated by Brdicka’s polarographic 
method or by Sullivan^s colorimetric procedure. 

Hess, Sullivan, and Palmes (294) investigated the hydrolytic 
losses of cystine in a carbohydrate containing protein (tobacco 
mosaic virus). The Sullivan colorimetric and the Morner-Okuda 
iodine titration techniques for estimating cystine were used. Their 
results are summarized below : 


Hydrolysing Agent 

j Time of 
Heating 
hours 

1 Per Cent of Cystine 

Colorimetric 

Titrimetric 

20% HCl 

6 

0.47 

0.48 

20% HCI in Formic Acid 

24 

0.53 

1 0.48 

6 N HjSOi under Na 

12 

0.67 

1 0.71 

20% HCl plus 1% TiCIj 

2 

0.64 

0,64 

57% HI under Nj 

18 

0.73 

0.70 

concentrated HI-HCOOH under Na 

24 

0.69 

0.69 


The value of hydrolyzing the protein in the presence of certain 
strongly reducing substances to prevent humin formation is self 
evident. 

Methionine: Bailey (43) reported that 20 per cent of the meth- 
ionine present in a protein can be lost during hydrolysis in the pres- 
ence of large quantities of carbohydrate. 

Losses during demethylation with HI will be mentioned later in 
this chapter. 
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PART II 

THE DETERMINATION OF CYSTINE AND CYSTEINE 

1. The Determination of Cystine from the Labile 
Sulfur in Proteins (Schulz) 

Historical: G. J. Mulder (467) in 1838 was the first to show that 
if proteins were heated with alkali and a heavy metal salt, the 
metal sulfide was formed, Fleitmann, 10 years later (226) pointed 
out that only a portion of the sulfur of proteins is precipitated as 
the metallic sulfide under these conditions. This finding suggested 
the presence of at least two forms of sulfur in the protein molecule. 

Numerous other investigators studied the alkali labile sulfur in 
proteins among whom was Schulz (573) who found that if cystine 
or cysteine were heated for 10 to 25 hours with an excess of zinc 
filings and 30 per cent sodium hydroxide in the presence of lead 
acetate or bismuth oxide, one half of the total sulfur could be found 
in the precipitate after the solution had been acidified with acetic 
acid according to Fleitmann. 

These results were generally interpreted as showing that only 
one half of the sulfur of cysteine was alkali labile. However, al- 
though only 52 to 54 per cent of the total S of cystine and cysteine 
were found in the precipitate under the conditions mentioned 
above, Schulz says (573) “Die andere Halfte des Schwefels istnach 
Abspaltung der ersten Halfte in einer solchen Form vorhanden, 
dass sie durch Saure als Schwefelwasserstoff abgespalten werden 
kann.” 

A. darkens Modification of the Schulz Procedure (164, 695, 111) 

Principle: Cystine is reduced to cysteine by zinc in acid solution. 
An excess of lead acetate and sodium hydroxide is added, and on 
prolonged heating, cysteine yields all its S as PbS. 

Method: To 5 ml. of a protein hydrolysate containing 0.5 to 1.0 
mg. of cystine S, add 4 to 6 times the calculated quantity of zinc 
filings and 1 ml. of n HCl. Heat on a water bath to dissolve the Zn. 
Then add 0.2 ml. of 10 per cent lead acetate and 2 ml. of 20 per cent 
NaOH. Seal the tube and heat at 90 to 95*" for 24 hours or longer. 
Centrifuge, remove the supernatant liquid and repeat the heating 
with alkaline plumbite if necessary. Wash the PbS with 1 per cent 
NaOH. 
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Oxidize the PbS to S 04 +'*' with 500 mg. of KCIO 3 followed by 4 
to 5 ml. of a cold solution of 10 ml. of bromine in 150 ml. of con- 
centrated HCl diluted with 100 ml. of water. Stir until the black 
color of PbS has disappeared. Then add 1 to 2 ml. of concentrated 
HCl and warm on the steam bath to remove all CU. Evaporate to 
dryness. Extract the residue twice with 20 ml. portions of hot 20 
per cent HCl to separate from any Si02. Evaporate the extract to 
dryness. Dissolve the residue in 50 ml. of 0.1 n HCl and precipitate 
the sulfate with BaCb as usual. 

Comment: In spite of Schulz’s (573) finding that only one half 
the sulfur of cystine and cysteine was precipitated under his condi- 
tions, a comparison of his results on ‘‘abspaltbarem Schwefel” 
formed from horse serum albumin, serum globulin, crystalline 
horse oxyhemoglobin, and other proteins is most revealing. 


Protein 

Cystine from 
j Labile S (Schulz) 

Cystine from 
Recent Data in 
the Literature 


per cent 

per cent 

Serum albumin 

4.8 1 

5. 0+0. 3 

Serum globulin 

2.4 

2. 5 + 0. 3 

Oxyhemoglobin (Horse) 

0.7 

0.7 

Globin 

0.8 

4. 0.8 

Egg Albumin ' 

1.8 

1,8 


It thus appears that Schulz’s zinc-alkaline plumbite method 
published in 1898 should be classified as the first quantitative pro- 
cedure for the determination of any amino acid in proteins. The 
method was in fact published one year before the isolation of 
cystine from proteins by Morner and by Embden. 

It appears to the authors that the Schulz decomposition of 
cystine to sulfide could be used for the colorimetric determination 
of cystine by coupling the H 2 S liberated on acidification with di- 
methyl-p-phenylene-diamine to yield methylene blue. This method 
should be of particular value when the cystine determinations 
have to be carried out in the presence of large quantities of carbo- 
hydrate. 

2. Reduction oe Phosphotungstic Acid 
(WiNTERSTEIN, 686) FOLIN, 231) 

Historical: In 1901, E. Winters tein (686) reported that when a 
solution of cysteine is added to dilute phosphotungstic acid, a 
white precipitate is formed which consists solely of cystine. The 
phosphotungstic acid, which is reduced, turns a very dark blue. 
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The reaction between cysteine and phosphotungstic acid was 
employed by Folin and Loonoy (231) in 1922 as the basis for the 
quantitative estimation of cystine in solution. »They used Heffter’s 
(285) observation that cystine was reduced to cysteine by NasSOs. 
This reduction, which Folin believed to be quantitative, was shown 
by Clarke (165) to take the following course. 

RS ■ SR + NaaSOj-^RS ■ Na + RS ■ SO^Na 

The sodium salt of cysteine reduced the phospho-18-tungstic 
acid (Uric Acid Reagent) to yield lower oxides of tungsten. Wu 
(693) pictures the reduction as follows : 

H2 

18 WOs-^lG WO3 WA H2O 
A. The Method of Folin and Jjooney (231) 

Reagents: Phospho-18-tungstic Acid, according to Folin and 
Macallum (228). 100 gm. of Na2W04 are boiled with 80 ml. of 85 
per cent H3PO4 and 750 ml. of water for several hours. After cooling 
the solution is diluted to 1 liter. 

Method: 1 to 5 gm. of protein are hydrolyzed under reflux with 
25 ml. of 20 per cent H2SO4 for 12 hours. The hydrolysate is di- 
luted to 100 ml. Aliquots (1 to 10 ml.) are pipetted into 100 ml. 
volumetric flasks. 20 ml. of saturated Na2C03 and 10 ml. of freshly 
prepared 20 per cent Na2S03 are added. The solution is mixed. 
After standing for 5 minutes, 3 ml. of phospho-18-tungstic acid 
(uric acid reagent) are added with swirling. After 10 minutes, the 
solution is diluted to the mark and read against a cystine standard 
prepared in the same way. 

Comment: This procedure of Folin and Looney has been much 
criticized and often modified, but it is still the real basis for all the 
cystine and cysteine methods which depend on the reduction of 
hexavalent tungsten. 

The chief criticisms pertain to its non-specificity towards cystine. 
Much of the earlier difficulties were due to the commercial sodium 
tungstate containing some molybdenum. The resulting phospho- 
molybdotungstic acid was then reduced by tyrosine and other 
phenolic groups in the hydrolysate (cf. Chapter II). The phospho- 
18-tungstic acid reagent is also reduced by metals (Wu, 693), car- 
bohydrate decomposition products and many other substances 
which may be present in a protein hydrolysate. 

The modifications given below are usually attempts to increase 
the specificity of the method for cystine. 
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B, Folin and Marenzi^s Cystine Method (234) 

Reagents: Phospho-lS-tungstic Acid Reagent free of Molybdenum 
(235). 100 gm. of Nti 2 W 04 are dissolved in 200 ml. of water. 20 ml. 
of 85 per cent H 3 PO 4 are slowly added to the Na 2 W 04 solution with 
cooling. A stream of H 2 S is passed through the solution at a very 
moderate rate for 20 minutes. Then 10 ml. more of 85 per cent 
H 3 PO 4 are added, the flow of HsS being continued. The solution 
should now be slightly acid to Congo paper. If it is not, a little 
more H 3 PO 4 should be added. After 20 minutes, the solution is 
filtered. The clear liquid is then extracted in a separatory funnel 
with 1.5 volumes (300 ml.) of ethanol. The lower layer, filtered if 
necessary, is drained into a tared flask. Water is added until the 
contents of the flask weigh 300 gm. The H 2 S is removed by boiling. 
The flame is reduced and 20 ml. of 85 per cent H 3 PO 4 are added. 
The solution is refluxed for 1 hour. The condenser is removed and 
a few drops of bromine are added to destroy any blue color. The 
bromine is removed by boiling. 

In a liter beaker, a solution of lithium phosphate is prepared by 
adding 50 ml. of 85 per cent H 3 PO 4 to 25 gm. of Li 2 C 03 . It is dis- 
solved in 250 ml. of water and boiled to remove the CO 2 . 

The cooled Li 3 p 04 solution is added to the phosphotungstic acid 
and the reagent is diluted to 1 liter, 

Phospho-18-tungsiic Acid Reagent {Simplified Procedure (236): 
100 gm. of NasWOi are added to 32 to 33 ml, of 85 per cent H3PO4 
in 150 ml. of water. The solution is boiled very gently under reflux 
for 1 hour and diluted to 500 ml. Then 3 to 5 gm. of Na 2 W 04 are 
added and the solution is again boiled for 10 to 15 minutes. A little 
bromine water is added and the excess Bra is boiled off. The phos- 
pho-18-tungstic acid (uric acid) reagent should give a negative test 
with tyrosine and with urea plus sodium cyanide. 

Folin (236) believes this reagent consists principally of phospho- 
18-tungstic acid B (Wu, 693) and is not as sensitive to phenols as 
that containing phospho-18-tungstic acid A. 

Method: 1. Hydrolysis. 100 mg. of protein are hydrolyzed over 
night with 20 ml. of 6 n H2SO4. The solution is diluted to 100 ml, 
and decolorized by shaking with kaolin. 

2, Determination. Two ml, of freshly prepared 20 per cent 
Na 2 S 03 are added to 2 ml. of the unknown. After standing for 1 
minute, 18 ml. of 20 per cent NasCOj (plus 0.5 ml. for each ml. of 
hydrolysate over 2 ml.), 2 ml. of 20 per cent Li 2 S 04 , and 8 ml. of 
phospho-18-tungstic acid reagent are added with mixing. After 3 to 
5 minutes, the solution is diluted to 100 ml. with 3 per cent NazSOs 
and read. 
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Comment: Folin and Marenzi (234) commenting on the above 
procedure say “each change represents only a minor improvement, 
such as one would expect to come in the development of any new 
method.^’ The improvements were, the preparation of a “Uric Acid 
Reagent’^ free from “Phenol Reagent’^ (235), the reduction of the 
sulfite blank by reducing the quantity of 20 per cent Na 2 SOs from 
10 ml. to 2 ml-, and the use of more phosphotungstic acid reagent. 

Rimington (546) added 5 ml. of 40 per cent urea before the in- 
troduction of the color reagent to prevent turbidity caused by the 
precipitation of the sodium salt of phospho-18-tungstic acid. 

Mirsky and Anson (459) made the important observation that 
the color intensities given with the Folin-Marenzi uric acid reagent 
in the presence of s\ilfite by equivalent quantities of cysteine and 
cystine are precisely in the ratio of 2 : 1 . The reason for this differ- 
ence was explained by Clarke (165) the following year (c/. Histori- 
cal). 

C. Tompsetts^ Modification of the Folin Method (615) 

Principle: Na 2 C 03 used by Folin is replaced by 20 ml. of satu- 
rated NaHCOs. This simple change prevents turbidity caused by 
sodium phosphotungstate. 

D. Lugg^s Adaptation of the Folin Method to Acid Solutions 
(425, 426) 

Principle: Lugg (425) found that the color developed by the re- 
action of cysteine, cystine plus sulfite, etc. with phospho-18-tung- 
stic acid is stable between pH 5.0 and 6,5. 

If excess of the reagent is present, the color is strictly propor- 
tional to the reducer. He also found that mercuric chloride at pH 
5.7 inhibits the formation of color by sulfhydryl and disulfide com- 
pounds but does not influence the color produced by levulinic acid 
or furfuraldehyde. The amount of color produced when sodium sul- 
fite is added to the reagent alone is greater than if disulfides are 
present. 

Reagents: 4 M Sodium Acetate: 544 gm. of C 2 H 302 Na • SHaO are 
dissolved in water and diluted to 1 liter. 

Citrate Buffer: 105 gm. of C 6 H 8 O 7 -H 2 O and 52.5 gm. of NaOH 
are dissolved in 500 ml. of water with cooling. Then 13.6 gm. of 
ZnCb in 20 ml. of water and 26.8 gm. of NH 4 CI in 200 ml. of water 
are added. The solution is diluted to 1 liter. 

Buffered Sulfite: 9.5 gm. of sodium metabisulfite (NaaSaOs) are 
dissolved in 70 ml. of water, 15 ml, of 4 m sodium acetate are added. 
The mixture is diluted to 100 ml. 

0,1 M Mercuric Chloride: 2.72 gm. are diluted to 100 ml. 



150 


AMINO ACID COMPOSITION 


Mohr's Salt; 3.268 gm. of FeSOr (NH 4 ) 2 S 04 -61120 are dissolved 
in 8.5 ml. of n H 2 SO 4 . Water is adde4 to 100 ml. The solution is di- 
luted 1 to 10 before ijse. 

Standard Cystine: 500 mg. of cystine are dissolved in 50 ml. of 
N HCL Water is added to 500 ml. 

Procedure: Use 100 ml. volumetric flasks. Adjust the partially 
neutralized hydrolysate to pn 5.7 (brom cresol purple) by titration 
with sodium acetate. 

A. Estimation of Cysteine in the Absence of Extraneous Re- 
ducers. 10 ml. of citrate buffer and 2 ml. of 4 m acetate are added in 
order. Then 16-x ml. of 'water and x ml. of hydrolysate and enough 
sodium acetate to bring the hydrolysate to pn 5.7 arc added. Two 
ml. of Folin's phospho-18-tungstic acid reagent are then intro- 
duced. After 7 minutes, the solution is diluted to volume and read. 
If a step-photometer or a photoelectric colorimeter is available, 
filters 720 mu, 668 mu (568, 45) or 520 mu (104) should be used. 

B. Estimation of Cysteine in the Presence of Extraneous Re- 
ducers. The above procedure is repeated except that 1 ml, of 
HgCb solution is added prior to the introduction of the unknown. 

The “true” cysteine is then given by the difference in the values 
obtained in A and B, 

C. Estimation of Cystine in the Absence of Extraneous Re- 
ducers. The procedure given in A is used except that 1 ml. of buf- 
fered sulfite is added after the unknown. 

D. Estimation of Cystine in the presence of Extraneous Re- 
ducers. Mercuric chloride is added to remove cysteine both pre- 
formed and prepared by the action of sulfite on cystine. 

“True” cystine is given by the difference between the values 
found in C and D. 

Comment: If both cystine and cysteine are present in the same 
hydrolysate, it is necessary to correct for the fact that cysteine plus 
sulfite gives twice the color produced by cystine (c/. Lugg, 425; 
Mirsky and Anson, 460; Schoberl and Rambacher, 568). 

There are printer's errors in Lugg’s paper (426) on page 2164 lines 
13, 33, and 34. B, B, and A should read b, b, and a. 

Schoberl and Rambacher (568) use an acetic acid-sodium acetate 
buffer, pH 5.2 (10 parts of 2 M CHaCOONa plus 3 parts of 2 m CH 3 - 
COOH) instead of Lugg’s acetate-citrate mixture. The sulfite re- 
duction is run for 20 minutes at 20 °C. and the reaction with the 
color reagent for 30 minuets at 20°. Reagents blanks are prepared. 
The Zeiss step-photometer, filter 720 mu is used. 

Kassell and Brand (356) also use the Zeiss photometer for deter- 
mining cystine and cysteine according to Lugg's modification of the 
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Winterstein-Folin reaction. Half the quantities of reagents sug- 
gested by Lugg (425) are used. The color development is allowed 
to proceed for 8 minutes at 25° rather than f^r 7 minutes as sug- 
gested by the original proponent of this procedure. 

Bdlint (45) in the same year, also adapted the Folin-Lugg 
method to the Zeiss photometer. He found that Beer’s law held 
over the range 0.16 to 0.75 mg. of cystine, final volume 20 ml., filter 
720 mu. 

E, The Winterstein-F olin Reaction according to Mir sky 
and Anson (460) 

Principle: Any cysteine present in the protein is oxidized to 
cystine with peroxide before hydrolysis. 

Reagents: Phosphomolybdic Acid (Wu). 100 gm. of 

Na 2 Mo 04 - 2 H 20 are dissolved in 450 ml. of water, 15 ml. of 85 per 
cent H3PO4 and 80 ml. of concentrated HCl. The solution is heated 
under reflux for 8 hours. Any reduced molybdenum is oxidized by 
warming with a little bromine and the excess Bra is driven off by 
boiling. The solution is diluted to 1 liter. 

Method: 1. Hydrolysis. The protein is hydrolyzed with 6 N 
H 2 SO 4 for 15 hours. 

2. Cysteine.* To 1 to 5 ml. of hydrolysate (0*5 mg. of cysteine), 
N H 2 SO 4 is added to 5 ml., then 16 ml. of concentrated urea (100 
gm. of urea in 100 gm. of water), 4 ml. of 3.4 m KaHP04-KH2p04 
buffer of pn 6. 7-6.8 (1:1 K 2 HPO 4 -KH 2 PO 4 ), and 1 ml. of either 
Folin’s (236) phospho-18-tungstic acid reagent or Wu’s (693) 
phosphomolybdic acid reagent are introduced. After 5 minutes, the 
solution is diluted to volume and the color is read. 

3. Cystine. A sample of protein is dissolved in 100 ml. of alkali 
(pH 9.6) and oxidized with 5 ml. of 30 per cent hydrogen peroxide 
at room temperature for 30 minutes. The protein is removed from 
solution by precipitation with trichloracetic acid. The hydrolysis 
and cystine determination are carried out in the same way as given 
above except 14 ml. of urea solution instead of 16 ml. are used and 
the cystine is reduced by 1 ml. of 20 per cent Na 2 S 03 (freshly pre- 
pared) for 1 minute. 

F. Shinohara^s Modification of the Winterstein-F olin 
Reaction (580, 581, 582) 

Principle: The acid hydrolysate is extracted two or three times 
with chloroform to remove mere ap tans and other extraneous re- 
ducers. Formaldehyde is used to repress color formation of cysteine 
(c/. 48). 
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Reagents: Bisulfite: 1 m NaHSOj is adjusted to pn 5.0 with 
M NaOH. This solution keeps for 70 days. 

Method: 1. Neutr^Jize the hydrolysate with lithium hydroxide to 
approximately pn 5.2 (brom cresol purple) just before use. 

2. Cysteine. A. Add to a 50 ml. flask, 10 ml. of 2 m sodium acetate, 
3 ml. of 2 M acetic acid, 2 ml. of neutralized, pn 5.2, hydrolysate 
(0.5 mg. of cysteine), 4 ml. of phospho-18-tungstlc acid, and water 
to 50 ml. Mix and read in 5 to 20 minutes. 

B. Repeat A except 1 ml. of 37 per cent HCHO is added to the 
flask 1 to 2 minutes before the color reagent. 

Cysteine = lA-“lB; where B is the color contributed by the non> 
cysteine reducers and I is the extinction coefficient. 

3. Cystine. C. Add to a 50 ml. flask, 10 ml. of 2 m sodium ace- 
tate, 3 ml. of 2 M acetic acid, 2 ml. of neutralized hydrolysate, 3 ml. 
of M NaHSOa, 4 ml. of color reagent, and dilute to volume with 
water. Read in 15 to 20 minutes. 

D. Repeat C except, add 3 ml. of 0.1 M HgCU before the color 
reagent is introduced. 

Cystine = Ic— Id; where D is the color contributed by the non- 
cystine reducers. 

Cystine and cysteine are calculated as indicated by the previous 
discussion. Remember, cysteine plus sulfite has twice the reducing 
power of an equal quantity of cystine. 

Reactions: Shinohara (582) suggests the following mechanism for 
Winterstein’s reaction 

2RSII -h (Il20)3-PA-(W03)is-^ 

RSSR + (H20)3-P205 (W03)n-W02+H20 

or (H20)3‘P20,- (W03 )i6 WA + H 2 O 

*G. Block and Bolling^ s Use of the Winter stein- Folin 
Reaction (104) 

Introduction: The estimation of cystine in an hydrolysate can be 
carried out with considerable accuracy in 15 or 20 minutes by the 
procedure given below. Except with protein preparations contain- 
ing large quantities of carbohydrate, the results obtained by this 
procedure are equal to those carried out by the more tedious Lugg 
modifications of the Folin reaction. 

Method: 1. Hydrolysis. 50 to 250 mg. of protein are hydrolyzed 
under reflux with 2 to 5 ml. of 18 per cent HCl for 5 to 7 hours or 
with an equal mixture of 18 per cent HCl and 90 per cent HCOOH 
for 18 hours. At the end of the hydrolysis, the solutions are evapo- 
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rated to a thick syrup in a dish on the steam bath. This removes 
some of the excess acid and may convert any cysteine to cystine. 
The residues are dissolved in warm water, diluted to volume and 
filtered through soft, dry paper. The solutions should react negative 
to the nitroprusside test. Decolorize with carbon if necessary. 

2. Determination. 2 aliquots (0.4 to 1.2 mg. of cystine) are pipet- 
ted into 50 ml. stoppered-graduated cylinders. The solutions are 
brought to the 5 ml. mark with water. One ml. of 10 per cent 
Li2S04 and 5 ml. of saturated NaHCOg are now added. After mixing, 
2 ml. of Folin^s phospho-18-tungstic acid, previously diluted with 
an equal volume of water, are added, followed immediately with 
either 1 ml. of water (for the blank) or 1 ml. of freshly prepared 10 
per cent Na2S03, The solutions are mixed and the flasks are placed 
in water at about 30® for 5 to 8 minutes. At the end of this time, 
the solutions are diluted to volume with water and read against the 
‘‘blank’^ in a photoelectric colorimeter (photometer). Filter 520 
mu. Range 0.1 to 1.2 mg. of cystine. 

3. Determination of Cystine by Iodine Titration 

Historical: In 1901, K. A. H. M5rner (463) in his classical paper 
on sulfur in proteins pointed out that cysteine could be estimated 
quantitatively 'by titration with iodine in 10 per cent hydrochloric 
acid solution. Starch was used as the indicator. 

A. Okuda^s Use of the Morner Reaction (482) 

Principle: The cystine in a protein hydrolysate is reduced with 
zinc and the resulting cysteine is titrated with standard iodate- 
iodide under conditions carefully controlled with respect to acid 
concentration, temperature, volume, etc. 

Reagents: m/300 KIO3. 2.14 gm. of KIO3 are dissolved in 3 liters 
of 2 per cent HCl. 

Method: 1. Hydrolysis and Reduction. 1 to 10 gm. of protein 
arc refluxed with 3 to 30 ml. of HCl for 20 hours. The excess acid 
is removed by concentration in vacuo. The hydrolysate is decolor- 
ized with activated carbon and the cystine is reduced with an excess 
of Zn dust at room temperature for 30 minutes. The solution is 
filtered and diluted to 100 ml. 

2. Acid Concentration. An aliquot of the hydrolysate is titrated 
to determine the free HCl and then the free HCl in the remainder 
of the hydrolysate is adjusted to exactly 2 per cent by the addition 
of NaOH. 

3. Titration of Cysteine. 20 ml. or less of the partly neutralized 
hydrolysate are pipetted into an Erlenmeyer flask and diluted to 20 
ml. with 2 per cent HCl. 5 ml. of 5 per cent aqueous KI and 5 ml. 
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of exactly 4 per cent HCl are added and the solution is titrated to 
permanent yellow with m/300 KIO 3 / 

The results are oompared with a cystine standard treated in 
exactly the same way and under the same conditions of temperature, 
etc. 

Comment: Teruuchi and Okabe (603) add 0.5 ml. of 0.5 per cent 
soluble starch in 36 per cent NaCl and titrate to a deep indigo color 
which lasts for 1 minute. One half ml. extra of 4 per cent HCl is 
added to the Okuda procedure to compensate for the 0.5 ml. of 
starch solution. 

Lucas and King (423) in a critical study of the Morner-Okuda 
method say that no simple rules can be laid down which will ensure 
quantitative results. Temperature, acidity, and concentration of 
cysteine and iodine, the rate and order of addition of the reagents 
and the presence arid concentration of the KI all affect the iodine 
consumption in variable ways and to different degrees. They advise 
the following: temperature, 0°; acidity, n IICl; KI concentration, 
0.5 per cent; and the use of starch as the indicator. 

Theoretical results ( 2 RSH+l 2 -^RSSR+ 2 HI) were not ob- 
tained. 

B. The Morner-Okuda Method According to Virtue and 
Lewis (664) 

Principle: Iodine in KI is used instead of KIOj-hHCl+KL The 
excess I 2 is titrated with standard Na 2 S 203 . 

Method: 1 . Reduction. The hydrolysate is adjusted to contain 
2 per cent of free HCl and the cystine is reduced with zinc dust at 
room temperature for 30 minutes. 

2 . Preparation of Solutions. While the reduction is proceeding, 
three Erlenmeyer flasks containing 5 ml. of I 2 in KI (1.27 gm. of 
pure I 2 and 2 gm. of KI are dissolved in 400 ml. of water, filtered 
and diluted to 1 hter) are placed in a freezing mixture. The reagent 
blank is determined on one of the solutions by adding 15 ml. of 
2 per cent HCl and titrating with 0.02 n Na 2 S 203 . 0.5 ml. of 2 per 
cent soluble starch in saturated NaCl are used as the indicator. 

3. Preliminary titration. 15 ml. of the hydrolysate containing 
cysteine and 0.5 ml, of starch solution are added to the frozen io- 
dine. Then 0.02 N Na 2 S 203 is added from a burette at such a rate 
that the blue color which develops as the iodine is liberated by melt- 
ing is immediately destroyed. 

4. Final Titration. To the frozen I 2 , add 0.05 ml. less of the 
Na 2 S 20 i solution than required by the ‘Treliminary Titration,^' 
then add 15 ml. of the hydrolysate and shake to remove the blue 
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color as fast as it appears. The titration should be completed as the 
last of the frozen I 2 solution milts. 

C, Lavine^s Modification of the Mdrner-Okuda 
Reaction (406) 

Princi'ple: Cysteine is quantitatively oxidized to cystine by molar 
HI at room temperature. 

Method: A cysteine containing solution is adjusted to M HI by 
the addition of KI and HCl. 10 ml. aliquots are removed and 
titrated with 0.025 n Na 2 S 203 until the yellow color has disap- 
peared. , 

The end point is checked by the addition of 5 to 10 ml. of 0.1 per 
cent starch in 0.1 per cent aqueous salicylic acid. If the solution is 
blue, 0.02 ml. portions of standard Na 2 S 203 are added in 10 second 
intervals with swirling until the solution becomes colorless. The 
end point is again verified by the addition of several drops of I 2 
whereupon the brownish violet color should return. 

4. Sullivan’s Reaction (595, 596, 597, 598, 602, etc.) 

Historical: In 1926, M. X. Sullivan showed that, of all the amino 
acids normally occurring in a protein hydrolysate, only cysteine 
gave a distinctive red color in alkaline solution with l,2,naphthO" 
quinone-4-sodium sulfonate in the presence of Na 2 S 204 . 

A, Sullivan^ $ Original Method, 1926 (595) 

Reagents: Preparation of jS-Naphthoquinone-Sodium Sulfonate 
(Folin, 230). 1. Dissolve 100 gm. of j8-naphthol (resublimed) in 300 
ml. of 10 per cent NaOH. 

2. In a 4 liter beaker, dissolve 50 to 55 gm. of NaN02 in 600 
ml. of water. 

3. Add i^-naphthol solution to nitrite. 

4. Add 300 gm. of crushed ice to mixture. 

5. Add 200 ml. of cold 10 per cent H 2 SO 4 with vigorous stir- 
ring. Continue .to stir 1 to 2 minutes after all the acid has been intro- 
duced. Repeat above until a total of 800 ml. has been added and 
then until the pn is permanently acid to Congo red paper. Stand 1 
hour. 

6. Remove the precipitateand wash it withlliter of cold water, 

7. Transfer the precipitate to a large evaporating dish and sprin- 
kle over it, 100 gm. of NaHSOa and 50 gm. of Na 2 SOs. Stir until 
liquefaction. Filter on a small Buchner funnel to remove tar. Wash 
the residue with a little water. 

8. Transfer the liquid at once into a 5 liter colored flask (or 
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one covered with dark paper) which contains 2000 ml, of water and 
500 ml. of concentrated HCl. Cover eame and let stand in the dark 
for 36 hours. Filter and wash with 2 liters of cold water. 

9. Place the precipitate in a beaker and cover the precipitate 
with 100 gm. of NaNOs. Add a luke warm mixture of 100 ml. of 
concentrated HNO3 and 350 ml. of H2O. N2O4 fumes appear. After 
10 minutes stir thoroughly for 2 or 3 minutes. Stand 20 to 30 min- 
utes longer. If no reaction takes place on adding the dilute HNO3, 
then add 1 to 5 ml. of concentrated acid. Filter the precipitate and 
wash with 1 liter of 10 per cent NaCl. 

10. Place the moist precipitate in a large porcelain dish and add 
200 gm. of powdered borax and 450 ml. of water. Mix until almost 
all the quinone has dissolved. Filter. 

11. To the quinone solution, add a cooled mixture of 850 ml, of 
95 per cent ethanol and 150 ml. of concentrated HCl to which a 
few drops of bromine has just been added. Stir vigorously. Stand 5 
minutes. Filter the quinone and wash with 700 to 800 ml, of 10 per 
cent NaCl. 

12. Recrystallize the quinone from borax as above except wash 
with 300 to 400 ml. of alcohol followed by 200 ml. of ether. Yield 75 
to 90 gm. 

Tests for Purity. 1. A fresh 1 per cent solution *'of the quinone 
should have less color than 0.5 n K2Cr207. 

2. Dilute 2 ml. of a 1 per cent solution to 25 ml. Add 1 ml. of 50 
per cent acetic acid and then 1 ml. of 15 per cent Na2S203, Solution 
should become colorless in a few seconds. 

Method: 1. Cysteine. To 5 ml. of cysteine solution (0.4 mg.) add 1 
ml. of 0.5 per cent, l,2,naphthoquinone-4-sulfonate. Mix. Then add 
5 ml. of 10 per cent Na2S03 in 0.5 N NaOH and 1 ml. of 5 per cent 
NaCN. Stand 10 to 20 minutes. Remove interfering colors with 1 
to 2 ml. of 2 per cent Na2S204 in 0.5 n NaOH. 

2. Cystine. ^‘Reduce’' 0.4 mg. of cystine in 5 ml. of solution with 
1 ml. of 5 per cent NaCN at room temperature for 10 minutes. Con- 
tinue as above. 

Comment: The high degree of specificity of this method indicated 
great value. However, many investigators reported difficulties in 
applying the method as originally described. 

Prunty (530) reduced the cystine in 0.1 N HCl with a few milli- 
grams of Zn dust. This procedure also removed a great deal of 
interfering color. Pollard and Chibnall (524) found that Prunty ’s 
modification of the Sullivan method gave 90 to 95 per cent of the 
cystine in grass proteins. They made some further modifications 
including the use of 1 ml. of 1 per cent naphthoquinone rather than 
the 1 ml. of 0.5 per cent suggested by Sullivan. 
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Krijgsman and Bouman (391) used the Zeiss step-photometer, 
filter 57 i,e. 570 mu for cystin* in blood by the Sullivan method. 

(427) avoided the effects of varying* quantities of amino 
acid on the color development by flooding the solution with glycine. 
He also carefully controlled the pH at which the reaction was car- 
ried out. Ferrous ions, zinc, and other metals were shown to inter- 
fere. 

Bushill, Lampitt, and Baker (136), employing the Zeiss step- 
photonfCter, filter 530 mu, found that the original Sullivan method 
had an error of ±25 per cent, the Lugg procedure one of ±8 per 
cent provided that a rapid stream of purified nitrogen was passed 
through the flask for 30 seconds immediately before and after the 
addition of the sodium hyposulfite reagent. Bushill et al. (136) 
suggest the addition of varying quantities of cystine to the protein 
hydrolysate and plotting the extinction coefficients. The line is 
then extended to no addition and the point where the line cuts the 
abscissa is a measure of the cystine present in the hydrolysate, 

Andrews and Andrews (31) criticize Lugg's modification of the 
Sullivan method because the resulting colors are too weak and the 
procedure is too complex. Their change in the Sullivan method 
consists in quadruphng the quantity of naphthoquinone added and 
in allowing the solutions to stand in the dark for 30 minutes before 
the addition of Na 2 S 204 . Andrews and Andrews (31) wait exactly 
20 seconds after the addition of the color reagent before adding the 
NasSOs solution. 

Kuhn and Desnuelle (393) advise the use of a 470 mu filter in 
Lugg's modification of the Sullivan method. 


B. Rossouw and Wilken-Jorden’s Use of the 
Sullivan Reaction (558) 

Principle: Cystine is quantitatively precipitated by cuprous 
chloride at pH 4.5. 

Reagents: 500 mg. of CuzCh are shaken with 1 per cent HCl to 
remove the CuCh. The white residue of CU 2 CI 2 is then dissolved in 
the least quantity of 25 per cent KCl in 0.2 per cent HCl. It is pre- 
pared fresh each time. 

Method: 1. Precipitation of Cysteine as the Copper Mercaptide. 
An aliquot of the hydrolysate containing 2 mg. of cystine is pipet- 
ted into a 50 ml, centrifuge tube and 2.5 ml. of glacial acetic acid 
are added. Then sufficient 10 per cent KOH is introduced to bring 
the reaction to pH 4.5 (brom cresol green). Any humin precipitate 
is removed and washed with acetate buffer, pH 4.5. After dilution 
to 40 ml., 5 to 10 drops of the CU 2 CI 2 reagent are added. After 5 to 



158 


AMINO ACID COMPOSITION 


60 minutes, the flocculated precipitate is centrifuged and washed 
with alcohol. 

2. Liberation of Cystine from Copper Salt. The precipitate is 
dissolved in 5 ml. of 1 per cent HCl and the solution is transferred 
to a 25 ml. graduated cylinder by the aid of water. The following 
are added in order with mixing, 2.5 ml. of 5 per cent acetic acid, 1 
ml. of 10 per cent potassium thiocyanate, and sufficient pyridine 
to bring the pn to 4.5. The solution is diluted to 25 ml. with water. 
The copper-pyridine-thiocyanate precipitate is removed. • 

3. Determination of Cystine. The Sullivan reaction on a suitable 
aliquot (5 ml.) is used after adding 1 ml. of 10 per cent KOH to over- 
come buffering. 

Comment: Rossouw and Wilken-Jorden (558) point out that if too 
much cuprous chloride has been added or the concentration of KCl 
is too high, the copper mercaptide will not all dissolve in 5 ml. of 

1 per cent HCl. In such cases, a little Zn dust should be added to 
convert CU 2 CI 2 to ZnCh and free Cu. After decomposing with 
KCNS and pyridine, the solution should be aerated or allowed 
to stand until all the cysteine is oxidized to cystine before applying 
the Sullivan reaction. 

Zittle and O'Dell (698) use cuprous oxide in dilute sodium acetate 
solution to precipitate the cystine instead of cuprous chloride as 
recommended by Rossouw and Wilken-Jorden. 

C. The Sullivan and Hess 1937 Modification (598) 

Principle: The rate of hydrolysis of the protein is greatly acceler- 
ated by the introduction of titanous chloride. All cystine formed 
during the hydrolysis is reduced to cysteine. 

Reagents: 20 per cent TiCb preserved over Zn dust. 

Method: 1. Plydrolysis. Hydrolyze 1 gm. of protein with 5 ml. of 
20 per cent HCl and 1 ml. of 20 per cent TiCh under reflux for 1 to 

2 hours. Temperature of oil bath 125°. Neutralize the hydrolysate 
with 5 N NaOH, dropwise, to about pH 6. Filter and wash the 
Ti(OH)8 with 5 ml. of water. Adjust the filtrate to pn 3.5 with HCl 
and dilute to 35 nol. with 0.1 N HCl. 

2. Determination. A. To 5 ml. of filtrate, add 1 ml. of 0.5 per 
cent naphthoquinone, shake 10 seconds. Add 5 ml. of 10 per cent 
NasSOa in 0.5 n NaOH and 1 ml. of 1 ‘per cent NaCN in 0.8 N 
NaOH, stand 30 minutes. Then add 1 ml. of 2 per cent Na 2 S 204 
in 0.5 N NaOH. Read against cystine standard prepared in the same 
way. 

B. The cysteine of the hydrolysate can be converted to cystine 
by aeration. In this case, 5 ml. of the hydrolysate, cysteine-free, is 
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treated with 2 ml. of 5 per cent NaCN in n NaOH for 10 minutes 
before proceeding as in A. Read against a cystine standard treated 
in the same way, * 

Comment: Sullivan and Hess (598) suggest Carbex E to de- 
colorize the hydrolysates if necessary. 

Lugg (431) prevented humin formation and reduced the destruc- 
tion of cystine by carrying out the hydrolysis with 57 per cent HI 
under nitrogen. Cystine was determined against a cystine or cysteine 
standard treated in the same way. A solution of gelatin hydrolyzed 
with hydriodic acid was used as the reagent blank. Lugg reports 
random errors of 3 to 5 per cent and a hydrolytic loss of 2 per cent, 

D. The 19^2 Sullivan-Hess-Howard Procedure (602) 

Principle: The use of both nascent hydrogen (Na>Hg) and so- 
dium cyanide to reduce the cystine in separate portions of the 
same solution permits the estimation of both cystine and cysteine in 
mixtures. 

1. RSSR + H 2 (Na-Hg)— >‘2RSH (Reduction). 

2. RSSR Hr NaCN-^RSNa + RSCN (Double Decomposition). 

Method: A.' Cyanide ‘^Reduction.” To 5 ml. of solution (1 mg. of 

cystine); add 2 ml. of freshly prepared 5 per cent NaCN, mix and 
stand for 10 nainutes. Add 1 ml. of 1 per cent sodium 1,2,-naphtho- 
quinone-4-sulfpnate, shake for 10 seconds, add 5 ml, of 10 per cent 
NaaSOs in 0,5 N NaOII, mix and stand for 30 minutes. Then add 1 
ml. of 5 ]sr NaOH and 1 ml. of 2 per cent Na2S204 (hyposulfite, 
dithionite) in 0.5 n NaOH. Read against a cystine standard prepared 
in the same way. 

B. Sodium Amalgam Reduction. Reduce 2 mg. of cystine in 10 
ml. of 0.1 N HCl with 1 ml. of 0.2 per cent sodium amalgam for 1 
hour at room temperature. Shake occasionally. Remove 5 ml. of the 
supernatant solution and determine its “cystine’ ' content as given 
above. 

Cysteine = B-A 
Cystine — B-cysteine 

Comment: It is obvious from equations 1 and 2 (Principle) that 
equal weights of cystine and cysteine treated by Na amalgam 
would give the same amount of color, which would be twice that 
given by an equal quantity of cystine treated with cyanide. 

5. Precipitation of Cysteine as the Cuprous Mercaptide 

Historical: In 1929, F. G. Hopkins made the interesting observa- 
tion that thiol compounds (reduced glutathione) are quantita- 
tively precipitated from solution in dilute sulfuric acid (0.5 N to 
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1.0 n) by the addition of a slight excess of cuprous oxide. This find- 
ing was the basis for the following methods for the estimation of 
cystine. 

A. The Procedure of Vickery and White (652) 

Principle: Cysteine is formed during the hydrolysis by refluxing 
in the presence of tin. Cysteine and any other sulfhydryl com- 
pounds present are then precipitated by the addition of CU 2 O. 

Reagents: Cuprous Oxide (Zittle and O^Dell, 698). 7 gm, of 
CuS 04 - 5 H 2 O in 100 ml. of water are added to 100 ml. of a solution 
made from 170 gm. of sodium tartrate dihydrate, 520 ml. of wa- 
ter, and 80 ml. of saturated NaOH. The Fehling’s Solution is heated 
to boiling and 1 gm. of glucose in 200 ml. of water is added; after 
boiling for 3 minutes, the precipitate of CU 2 O is washed by decan- 
tation. 

Method: 1. Hydrolysis. 2 gm. of protein (20 mg. of cystine) are 
hydrolyzed by boiling with 20 ml. of 8 n H 2 SO 4 for 24 hours. After 
the protein has dissolved, 2 to 3 gm. of coarse tin are added. 

2. Precipitation of Cysteine Cuprous Mcrcaptide., At the end of 
the hydrolysis the precipitate is removed, and the filtrate is di- 
luted to 100 ml. The solution is warmed to 40 to 45° and an aqueous 
suspension of CuaO is added in 200 mg. quantities until an excess is 
present. This is indicated by the change of color of the precipitate 
from grey to pink or red. The solution should be stirred rapidly dur- 
ing the addition of the cuprous oxide. The solution is then cooled 
to 10°C. and 10 n NaOH is added drop by drop to pH 4 to 5 (red 
to Congo paper). The suspension is cooled over night. 

3. Decomposition of Cuprous Mcrcaptide. The precipitate is 
removed by centrifugation and washed thoroughly with water to 
remove the H2SO4. The washed precipitate is then suspended in 400 
ml. of water containing 1 to 2 ml. of HCl and the copper salt is de- 
composed with H 2 S. The CU 2 S precipitate is washed with dilute 
HCL The filtrate and washings are concentrated to 150 ml. and a 
slight excess of barium hydroxide is added to remove any H2SO4. 
The BaS04 is removed and washed with dilute HCl. 

4. Determination of Cystine. Cystine is estimated either from 
the nitrogen or sulfur in the filtrate. The oxidizing mixture of 
Waelsch and Klepetar (668), consisting of 50 gm. of Cu(N03)a, 10 
gm. of NH4NO3 and 25 gm. of NaCl in 100 ml. of water plus satu- 
rated NasCOa until alkaline to litmus, is advised if S is to be deter- 
mined. 

Comment: The authors claim agreement within 10 per cent be- 
tween their method and other procedures in the literature. 
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B. Grafts Micro Modification of the 
Hopkins-VicJ^ery Procedure (264) 

Reagents: Citrate-Acetate Buffer. 20 ml. of glacial acetic acid^ 12 
gm. of sodium citrate and 15 gm» of citric acid are dissolved in 200 
ml. of water. 

Method: 1. Hydrolysis and Reduction. Sufficient protein to con- 
tain 2 to 5 mg. of cystine is hydrolyzed with 18 per cent HCI. The 
excess acid is removed by distillation in vacuo. The residue is dis- 
solved in 10 ml. of water and the cystine is reduced with 100 mg. of 
zinc dust by heating under reflux for 1 hour. 

2. Precipitation. 8 n sodium acetate is added to bring the solu- 
tion to pH 5. After 15 minutes^ the precipitate is filtered and 
w^ashed with hot water. Volume = 30 to 35 ml. Glacial acetic acid 
is added to the filtrate to pH 4, the solution is heated to boiling 
and a CusO suspension is added dropwise during mechanical stir- 
ring, until the precipitate has acquired an orange or dull-red color. 
The copper salt is centrifuged and washed 4 times with dilute 
(1:10) citrate-acetate buffer. 

3. Determination of Cystine. The precipitate is transferred to a 
suitable vessel and oxidized with 1 ml, of ignition mixture (10 gm. 
of K2CO3, 20 |m. of KNO3, and 10 gm. of KCIO3 dissolved in the 
least amount of water). The mixture is evaporated to dryness and 
then held at red heat for 5 minutes. Sulfate is determined gravi- 
metrically with Ba++ as usual. 

Comment: Although Vickery (652) and Graff (264) believed that 
cystine could be determined with equal accuracy from either the 
total nitrogen or sulfur of the copper precipitate, Schultz and Vars 
(572) advise against using the nitrogen values and Lucas and Bev- 
eridge (424) say “Certainly little trust should be placed in the ac- 
curacy of cysteine determinations based upon the nitrogen content 
of mercaptide precipitates.^' 

Zittle and O'Dell (698) found, in agreement with Rossouw and 
Wilken-Jorden (558), that reduction of cystine to cysteine before 
precipitation with cuprous oxide is not necessary. They advise the 
use of the Graff or Rossouw adaptations of Hopkins’ GujO precipi- 
tation. 

6. Condensation with Dimethyl-p- 
PHENYLENEDIAMINE (FlEMING, 225) 

Historical: One of the standard procedures for the determination 
of hydrogen sulfide consists in condensing it with dimethyl-p- 
phenylenediamine in the presence of zinc to yield methylene blue. 
In 1930; R. Fleming showed that cysteine would also yield a blue 
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colored compound when warmed with dimethyl-p-phenylenediam- 
ine in the presence of FeCIs. ^ 

A. Toyoda^s Adaptation of the Fleming Reaction (618) 

Principle: Cystine is reduced by zinc in HCl and the resulting 
cysteine is warmed with dimethyl-p-phenylenediamine in the pres- 
ence of ferric ions. 

Reagents: Dye: 500 mg. of dimethyl-p-phenylenediamine hy- 
drochloride are dissolved in a cooled mixture of 100 ml. of water 
and 50 ml. of concentrated H 2 SO 4 . Water is added to 1 liter. 

Ferric Alum: 25 gm, of Fe 2 (S 04 ) 3 - (NH 4 ) 2 S 04-24 II 2 O are dis- 
solved in 100 ml. of water and 5 ml. of concentrated 112804 . The 
solution is diluted to 200 ml. 

Water: Prepare S free water if necessary by distilling from 

KMn04. 

Method: 1 ml. of cystine solution (0.05 to 0.25 mg. of cystine) is 
placed in a graduated cylinder with 50 mg. of Zn dust and exactly 
0.50 ml. of N HCL Immediately add 7.5 ml. of dimethyl-p-phe- 
nylenediamine reagent followed by 0.5 ml. of ferric alum. The 
solution is diluted to volume (25 ml.), stoppered and read after 12 
hours against a standard prepared in the same way. 

Comment: It is necessary to have the concentration of the acid 
the same in both unknown and standard. 

*B, VasseVs Use of the Fleming Reaction (641) 

Reagents: Dye: Dissolve 35 mg. of dimethyl-p-phenylenediamine 
hydrochloride (Eastman #492) in 100 ml. of exactly 6 n H2SO4. 
Prepare fresh every two weeks. Keep in refrigerator. 

Ferric Alum: Dissolve 20 gm. of Fe 2 (S 04 ) 3 - (NH 4 ) 2 S 04-24 H 2 O 
in 100 ml. of N H2SO4. 

Method: 1 . Hydrolysis. Hydrolyze 25 to 100 mg. of protein under 
reflux for 18 hours with 2 ml. of a mixture prepared from 58 ml. of 
concentrated HCl and 63 ml. of 85 to 90 per cent HCOOH. Dilute 
the hydrolysate to 10 ml. with 5 n Hcl. 

2 . Estimation of Cysteine. Place 165 mg. of Zn dust, 3 ml. of 
dye solution and' 2 ml, of ferric alum in a test tube and stand at 
room temperature for 10 minutes. Place the tube in boiling water 
to dissolve the zinc (15 to 35 minutes). Cool and add 1 ml. of hy- 
drolysate (0.05 to 0.20 mg. of cysteine), 3 ml. of ferric alum, mix and 
heat in boiling water for 45 minutes. Cool, dilute to 25 ml, read 
against a standard prepared with the same acid concentrations. 
Light filter 575 to 580 mu. 

3. Estimation of Cystine. Pipette 1.0 ml. of unknown (0.05 to 
0.20 mg. of cystine) into a test tube, then add 3 ml. of dye, and 165 
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mg. of zinc dust. Stand 2 to 4 minutes and add 2 ml. of ferric alum, 
mix from time to time. StancJ at room temperature for 45 minutes. 
Add 3 ml. more of ferric alum and place the ,stoppered tubes in a 
boiling water for 45 minutes, to dissolve all the zinc. Cool, dilute to 
25 ml. with water. Read using filter 575 to 580 mu against a blank 
of reagents. 

Comment: The amount of color developed is subject to change 
with variations in the strength and quantities of acid. It is most 
important, therefore, to have all conditions carefully controlled. 

7. Gasometric Estimation of Cystine and 
Cysteine (Baernstein, 39) 

Principle: Cysteine reacts with iodine, the excess I 2 is then de- 
termined gasometrically by the production of nitrogen from hy- 
drazine (c/. Van Slyke and Hawkins, 635). 

Comment: This procedure will not be described as it does not ap- 
pear to have been used except by Baernstein (39, 41). The pro- 
cedure has been criticized by Hess (290) as giving erroneously high 
results. 


8. POLAROGRAPHIC DETERMINATION OF CySTINE 

,, (Brdicka, 130, 131) 

Historical: In 1933, Brdicka (130) found that the dropping mer- 
cury cathode polarograph could be used to detect small quantities 
of proteins if cobalt salts were present. The reactive group in the 
proteins was shown to be the disulfide of cystine. This finding sug- 
gested a method for the determination of cystine and other disul- 
fides in very small quantities of protein hydrolysates (131). 

Although numerous investigators, including Brdicka and Sulli- 
van and Hess, have reported successful results with the polaro- 
graph only the procedure of Stern, Beach and Macy will be given 
(590). 


A, The Use of Brdicka’ s Method by Stern, Beach, 
and Macy (590) 

Principle: Cystine exerts a catalytic effect on the separation 
of hydrogen from water by means of the cobalt complex compound 
of cysteine. 

Apparatus: The standard dropping mercury polarograph devel- 
oped by Heyrovsky is used. Heyrovsky showed that under the 
proper conditions, when the dropping mercury electrode is em- 
ployed, an ion in solution makes its presence known by a current 
increase which takes place at a definite voltage; and second, there 
is a definite relationship between the amount of the current in- 
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crease at that voltage and the concentration of the ion causing the 
increase. Thus, both qualitative and quantitative analyses based 
on voltage and current measurements, respectively, can be made at 
one time. 

Determination: 0.5 ml. of a protein hydrolysate are dissolved in 
24.5 ml. of a solution of 0.1 N NH4CI; 0.1 n NH4OH and 10“^ m 
C0CI2. The wave height is determined and calculated as zero. 
Then increasing quantities of cystine are added to 0.5 ml. aliquots 
of the hydrolysate and the wave heights are found under the same 
conditions. The above is repeated with 1.0 ml., 1.5 ml., and 2.0 ml, 
portions of the hydrolysate. The quantity of cystine in the un- 
known is calculated from the curves so obtained. 

Comment: It is necessary to keep the voltage, depth of the mer- 
cury, temperature, rate of Hg drops, etc. constant. 

l^en a series of homologous proteins, having approximately the 
same composition with respect to amino acids other than cystine, 
are being analyzed it is not necessary to prepare new calibration 
curves with each hydrolysate. However, a cahbration curve must 
be made for each class of protein. 

It is claimed that a determination can be carried out in 90 min- 
utes. 

9. The Nitroprusside Reaction ‘ 

Historical: Morner (463) appears to have been one of the first 
to suggest the use of sodium nitroprusside in dilute alkali as a 
quantitative method for the estimation of cysteine. The specificity 
of the nitroprusside reaction for cysteine among the naturally oc- 
curring amino acids was confirmed by Arnold (35) who advised the 
use of NH4OH in preference to NaOH and KOH as the alkalinizing 
agent. The addition of acetic acid promptly decolorizes the solu- 
tion. 

A. Shinohara and Kilpatrick's Use of the Nitro- 
prusside Reaction (579) 

Method: To 5 ml. of unknown solution containing cysteine, add 
2 ml. of 0.2 M zinc acetate, 2 ml. of M NH4OH, and 0.5 ml. of 5 per 
cent sodium nitroprusside in the above order. Mix and compare 
with a cysteine standard treated in the same way and at the same 
temperature. ^ 

B. Krishnaswamy's Modification of the 
Morner Test (392) 

Method: Add 1 ml. of HCl to a solution of 0.8 to 1.5 mg. of cystine, 
dilute to 6 ml. and add, with shaking 2 ml. of 5 per cent aqueous 
NaCN and 1 ml. of 20 per cent Na2S03. Stand 1 minute, add 10 ml. 
of 0.5 N NH4OH, wait 5 minutes, add 0.2 ml. of 0.3 m ZnS04 and 
1 ml. of freshly prepared 5 per cent Na2Fe(CN)6N0 2 H2O, mix 
and read immediately. The color is stable for 6^0 7 minutes at 29°. 
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10. Estimation op Cysteine by Its Reducing 

Action on Sulfur 

Historical: Although the production of H 2 S*by S from tissues had 
been observed by various French workers in the latter part of the 
19th Century; it was not until 1907 that HefTter (285) showed that 
the reduction of sulfur by proteins and -SH compounds was 
stoichiometric and not catalytic. 

A. The Method of Guthrie and AUerton (275) 

Principle: Free -SH groups are determined by their reducing ac- 
tion on colloidal S to yield H 2 S. 

Reagents: Colloidal S, Pipette rapidly 20 ml. of hot saturated 
absolute alcohol solution of sulfur into 50 ml. of boiling water. 
Evaporate to 20 ml. and then dilute to 25 ml. Prepare fresh each 
day. 

Method: 1. Production of H 2 S. To 10 ml. of unknown (protein 
or -SH containing compounds) add 10 ml. of m/15 phosphate buf- 
fer, pH 7.0 + 0.1, a few drops of cetyl alcohol and 1 ml. of colloidal 
S. Place in a 30° bath and aerate the H 2 S into 25 ml. of 2 per cent 
zinc acetate solution. Continue the aeration for 4 hours using Or 
free nitrogen which is bubbled through a flask containing some 
aqueous HCN. 

2. Determination of H 2 S. A. lodometrically. Add 10 ml. of 
n/1000 KIO 3 , 2 ml. of 1 per cent KI, 10 ml. of 1 :5 HCl, and 1 ml. of 
soluble starch solution to the zinc acetate solution. Titrate the ex- 
cess I 2 with n/IOOO Na 2 S 203 . 

B. Colorimetrically. Add 5 ml. of 0.1 per cent dimethyl-p- 
phenylenediamine hydrochloride in 20 per cent HCl and 5 ml. of 
m/50 FeCb in 1:9 IICl to the zinc acetate solution. Stand over 
night, dilute to 50 ml. and read the amount of methylene blue 
formed. 

Comment: The procedure of Guthrie and Allerton (275) appears 
to give considerable promise as a specific method for the determina- 
tion of cystine and cysteine in proteins without the necessity of 
complete hydrolysis. 

11. Miscellaneous Methods for the Direct 

Determination of Cysteine 
A. The lodoacetaie Reaction {Rosner^ 554) 

Principle: The sulfhydryl groups of proteins react with iodo- 
acetic acid to liberate HI. The quantity of HI liberated is deter- 
mined. 

RSH + ICHaCOOH-^RSCHsCOOH + HI 
2 HI -h + 2 H 2 O 

Method: To 3.5 ml. of solution, containing a known quantity of ^ 
soluble protein, ad4 1*5 ml. of m phosphate buffer, pH 7.3, and 5 ml. 
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of 0.1 N ICH2COOK. Stand at room temperature for varying 
lengths of time, 40 minutes to 6 houi'S. Then add 0.25 ml. of con- 
centrated H2SO4, 0.25 ml, of CCI3COOH (100 gm. plus water to 100 
ml.), filter and add 0.1 ml. of 3 per cent H2O2. Read the iodine 
colorimetric ally. Extrapolate to zero time. 

121.12 100 

Per cent of Cysteine = mg. of Iodine X X — — — • 

126.93 mg. of protein 

B. The lodosobenzoic Acid Method {Hellerman, 288) 

Principle: o-Iodosobenzoate reacts with sulfhydryl groups. 

2RSH+0IC6H4C00K-.RSSR+IC6H4C00K+H20 

01C6H4C00II+2III^IC6H4C00H+l2+Il20 

Reagents: Purification of o~iodosobenzoic acid. The free acid is 
dissolved in the least excess of KOH and then precipitated with 
CO2, washed with water and dried over P2O6. 

Phosphate Buffer, pH 7. Dissolve 117.7 gm. of K2HPO4 and 44.1 
gm. of KH^P04 in water and dilute the solution to 1 liter. 

Method: Add 5 ml. of M phosphate buffer, pH 7, and 10.0 ml. of 
0.02 N o-iodosobenzoate to 10 ml. of the unknown -SH compound. 
Wait 30 seconds and add a freshly prepared mixture of 500 to 
1000 mg. of KI in 1.5 ml. of water and 5 ml. of N HCl. Titrate the 
liberated iodine at once with standard Na2S03 using starch as 
the indicator. 

Comment: Rosner’s (554) and Hellerman^s (288) methods for 
the direct determination of sulfhydryl groups seems to be better 
than titration with porphyrindin as the latter dye has been re- 
ported to be oxidized by tyrosine at pn 7.2 (124). 

12. Direct Oxidation of Cystine to Sulfate (Callan and 
Toennies, 137A) 

Principle: Cystine is quantitatively oxidized to inorganic sulfate 
by warming with an excess of alkaline permanganate in aqueous 
solution. Methionine does not form any sulfate under these condi- 
tions. 

Method: 1 gm. of wool, 10 gm. of KMn04, and 160 millimols of 
NaOII are added to 150 ml. of water. The mixture is digested on 
the steam bath for 48 hours. The excess. KMn04 is destroyed with 
methanol, and after acidification, the Mn02 is filtered off. Si02 
is also removed. The sulfate is then precipitated as usual from 
the boiling solution with BaCb. 

Comment: This method appears to be of special value when 
estimations of cystine are to be made in protein preparations 
heavily contaminated with carbohydrate. 
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PART III 

THE DETERMINATION OF METHIONINE 
AND HOMOCYSTINE’ 

L Detekmination of Methyl Groups in Proteins 

Historical: Barger and Coyne (50) were the first to point out that 
methionine could be determined by demethylation with hydriodic 
acid and estimation of the resulting methyl iodide. This procedure 
was used by Baernstein (40) to determine the quantity of methio- 
nine in proteins. 

A. Baernstei'n/s Original Volatile Iodide Method (40) 

Principle: The protein is hydrolyzed and den>ethylated simul- 
taneously by boiling under reflux with concentrated HI. 

CHsSCHsCHsCHNH^COOH+HI^HSCHsCHsCHNHaCOOH 

+CH3I 

Reagents: Silver Nitrate. 8 gm. of AgNOa are boiled under reflux 
for 30 minutes with 500 ml. of absolute alcohol. The solution is 
allowed to stand for 2 days, filtered, standardized and kept in the 
dark. 

Purified CO2 or N2. The gas is passed through two washers, one 
of which contains concentrated H2SO4, the other contains dilute 
AgNOa. 

Method: 1. Hydrolysis and Demethylation. 500 mg. of protein 
are placed in a 100 ml. digestion flask, with a quartz pebble, and 
10 ml. of redistilled HI (sp. gr. 1.7) containing 1 per cent KH2PO2 
are added. The flask is attached to a reflux condenser and is pro- * 
vided with a side-arm to permit the introduction of a stream of 
purified carbon dioxide or nitrogen over the boiling solution. The 
* flow of gas is regulated so that the bubbles can be counted. The 
methyl iodide is aerated into a series of washers, the first containing 
10 ml. of 20 per cent CdSOi in dilute H2SO4 and 1 ml. of a suspen- 
sion of red P, the second and third each contain 10 ml. of standard 
AgNOs in absolute alcohol. The hydrolysis is continued 6 to 8 
hours or longer. 

2. Determination of Methyl Iodide. The contents of washers 2 
and 3 are rinsed into a beaker and evaporated to 10 ml. This solu- 
tion is then diluted to 50 ml. in a volumetric flask and filtered. 5 ml. 
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aliquots of the clear filtrate are titrated with 0.02 N KSCN after 
the addition of 2 ml. of HNOs and 2 ml. of saturated ferric alum. 

A blank without theq)rotein is run on all the reagents. 

Comment: The use of concentrated HI to hydrolyze proteins was 
introduced by Kossel and Kutscher in 1901 . As glycerol, ethanol, 
methanol, ether, and numerous other substances yield CH3I and 
C2H6I under these conditions, they must be absent. 

The results for methionine by this procedure tend to be “high.” 

Bailey ( 43 ) observed that a small amount of H2S passed over 
into the standard AgNOs washers and has suggested that the pre- 
cipitate of silver iodide and sulfide be digested with dilute HNO3. 
The AgNOs, regenerated from the AgsS is determined and the 
appropriate correction applied. 

2. Determination of Methionine from Homocysteine 

A. Baemstein^s Volatile Iodide and Homocysteine Titration 
Method ( 42 ) 

Principle: Cysteine and homocysteine thiolactone are formed 
during the hydrolysis of a protein with HI. The cysteine can be 
determined by oxidation with iodine to cystine. The ring of the 
homocysteine thiolactone is then opened with alkali (NH^OH) and 
the resulting homocysteine in turn is titrated with I2. 

Apparatus: Similar to that used in A above. 

Reagents: Na Tetrathionate. Prepare fresh from 0.1 n NalOg 
+ 0.1 N Na2S203+a little KI and HCl. 

Method: 1 . Hydrolysis. 500 mg. of protein are boiled under reflux 
with 10 ml. of 57 per cent HI containing 1 per cent KH2PO4 for 6 
hours. The CH3I formed during the reaction is aerated by a slow 
stream of purified N2 (c/. 1. above) into an adsorption train. 
Washer No. 1 contains 10 ml. of 20 per cent CdCb with 20 per cent 
BaCb. No. 2 contains 10 ml. of saturated HgCb. Nos. 3 and 4 
contain 10 ml. each of 10 per cent CH3COOK in glacial CH3COOH 
plus 6 drops of bromine. The stream of gas is not started until the 
free iodine formed at first has been destroyed by the KH2PO2. At^ 
the end of the hydrolysis, while continuing the stream of Ns, the 
flask is removed from the condenser and the digest is concentrated 
on a free flame to 3 ml. Do not burn. 

2. Analysis of Digest. A. Cysteine. 2 or 3 crystals of KH2PO2 
are added to the digest which is boiled for one minute to destroy 
the 1 2. The solution is rinsed into a 25 ml. volumetric flask with 
4 per cent HCL After cooling, it is diluted to 25 ml. A 10 ml. 
aliquot of this solution is placed in a 50 ml. Erlenmeyer flask, 
which is deaerated at the pump. 2 ml. of 0.02 N KIO3 are added for 
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each 4 mg. of cystine present. Then 1 ml. of soluble starch is added 
and the iodine is titrated with 0.02 n Na2S203. A blank is run. 

1 ml. of 0.02 N Na2S2O3^2.40 mg.* of Cystine. 

B. Homocysteine. 2 ml. of Na2S406 are added to the digest which 
is then deaerated. The connection between the pump and the flask 
is made through a 3 way stop-cock and a rubber or ground glass 
stopper. When the flask has been evacuated, 3.0 ml. of NH4OH 
are added from a burette, and the flask is again evacuated. After 
15 minutes, the solution is acidified with 10 ml, of 10 per cent HCl 
and the homocysteine is titrated with 0.02 n KIO3 under nitrogen. 

A reagent blank is run. 

1 ml. of 0.02 N KI03-2,98 mg. of Methionine. 

3. Determination of Volatile Iodide. Washers Nos. 3 and 4 are 
rinsed into a 100 ml. volumetric flask which already contains 5 ml. 
of 25 per cent sodium acetate. A little HCOOH (sp.gr. 1.20) is 
added to destroy the Br2. The solution is mixed and diluted to 
volume. 25 ml. aliquots are removed. One to 2 gm. of KI and a few 
ml. of 10 per cent H2SO4 or HGl are added and the I2 is titrated with 
0.02 N Na2S203 using starch as the indicator towards the end of the 
reaction. , 

1 ml. of 0.02 N Na2S203 ^0.496 mg. of Methionine. 

Comments: The protein should be extracted with petroleum ether 
and dried at 105° to remove any traces of alcohol, ether, etc. (42) 
or first hydrolyzed with HCl, evaporated to dryness and digested 
with HI (43). Bailey (43) suggests a correction factor of 1.05 for 
methionine by the volatile iodide method. 

Kassell (357) has suggested the following changes in Baernstein^s 
procedure: a. The titrations are carried out on the whole digest 
and all solutions which contain sulfhydryl groups are kept under 
nitrogen, b. Homocysteine is determined by adding 2 to 3 drops 
of brom thymol blue indicator, 1 drop of caprylic alcohol, and 2.5 
ml. excess of freshly prepared 0.04 n Na2S406 (2 ml. of 0.1 N KIO3, 

• 1 ml. of 10 per cent HCl, and a little KI are mixed and the solution 
is titrated first with 0.1 N Na2S203 and finally with 0.02 n Na2S203) 
to the digest after destroying the excess KH2PO2. Then a ground 
glass joint with a stop-cock attached is fitted to the digestion flask. 
The inflow of N2, which has continued throughout all previous 
manipulations, is stopped and the flask is deaerated to 20 mm. of 
Hg. Then NH4OH is added from a burette attached to the stopcock 
with a short length of rubber tubing, until the indicator has turned 
blue. 0.5 ml. excess of ammonia are added. The stopcock is 
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closed off and the vessel is allowed to stand at 40° for 15 minutes. 
Then 10 ml. of 5 n HCl are added a^d with the stream of Nj re- 
sumed, the homocysteine is titrated according to Baemstein, c. 
The following corrections are suggested for methionine by the vola- 
tile iodide method, 1.067; by titration of homocysteine, 1.12; for 
cysteine, 1.023. 

Kuhn, Birkofer, and Quackenbush (395) have modified the 
Baemstein method as follows: An extra washer is inserted ahead of 
those used by Baemstein to retain any I 2 , this consists of 1 ml. of 
a 1 per cent suspension of red P to 9 ml. of water. At the end of the 
digestion, washer No. 3, saturated HgCb, is treated with an excess 
of n/250 I 2 and 0.5 ml, of 2 n HCl and after 30 minutes, the excess 
I 2 is titrated with n/250 Na2S203 to determine the H 2 S liberated 
during the hydrolysis, 

Kuhn et al. (395) advise distilling the HI over KH 2 PO 2 and under 
nitrogen. The reagent is prepared fresh each week and preserved 
'with 1 per cent KH 2 PO 2 . They found that methionine yielded 94 
per cent of the ekpected quantity of CH3L 

La'vdne (406) has shown that cysteine is quantitatively oxidized 
to cystine in m HI at room temperature. These conditions should, 
therefore, be approximated in the titration of cystine and of homo- 
cysteine. ' 

B. Beaches Gravimetric Procedure (58) 

Principle: The protein is hydrolyzed with HI. The hydrolysate 
contains, among other amino acids, cysteine and homocysteine 
thiolactone. The former is precipitated by cuprous oxide (Hopkins), 
the latter is not. 

Reage7its: HI is redistilled from the KH 2 PO 2 preservative before 
use. 

AgCl is prepared by adding dilute HCl to silver lactate solution. 
It must be kept wet and in a dark place. 

Citrate buffer is made from 12 gm. of sodium citrate and 15 gm, 
of citric acid in 200 ml, of water. Then 20 ml. of glacial acetic acid 
are added and the solution is diluted with 9 volumes of water before 
use. 

Procedure: 1. Hydrolysis. 0.5 to 1.0 gm. of protein (6 mg. of 
methionine) are hydrolyzed under reflux for 18 hours with 25 ml. 
of concentrated HI (under N 2 ). The excess HI is removed by con- 
centration in vacuo. The addition of a few ml. of dilute HCl facili- 
tates the removal of the excess HI. 

2. Removal of HI. The hydrolysate is then transferred to a 250 
ml. centrifuge bottle, volume 50 ml. An excess of AgCl suspension 
is added and the suspension is shaken in order to ensure the com- 
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plete removal of HI. The precipitate is centrifuged and washed 
twice with water and the fiDrate is evaporated to a thick syrup. 
The residue is diluted to 50 ml. ’ 

3. Determination of Cysteine. To 25 ml. of the hydrolysate, 1 
ml. of 20 per cent HCl and 300 mg. of Zn dust are added. After 2 
hours, the solution is filtered and the pn is adjusted to 4 to 5 by 
the addition of saturated CHsCOONa. Then, with mechanical 
stirring a slight excess of CU2O suspension is added. The solution 
is stirred 30 minutes longer, centrifuged, and the precipitate is 
washed 3 times with 30 ml. portions of the citrate-acetate buffer. 
Cystine is calculated by a sulfur determination on the mercaptide 
precipitate. 

1 mg, of BaS04- 0.515 mg. of Cystine. 

4. Determination of Methionine. The remainder of the hydrolys- 
ate is neutralized with 5 N NaOH and then 1 ml. excess of alkali is 
added. After 15 minutes, 2 ml. of 20 per cent HCl and 300 mg. of 
Zn dust are introduced. After standing over nighh, the solution is 
heated on the steam bath for 2 hours and the excess Zn is removed 
by decantation. A slight excess of CU2O suspension is added to the 
warmed (60°) solution, and after stirring for 15 seconds, the mer- 
captides are separated by centrifugation and washed with citrate- 
acetate buffer. 

As the above procedure precipitates both cysteine and homo- 
cysteine, methionine is calculated from the non-cystine sulfur. 

1. mg. of BaSOi <^0.709 mg. of Methionine (corrected). 

Comment: Beach and Teague (58) report recoveries of cystine to 
be from 80 to 100 per cent and of methionine from 87 to 92 per cent. 
They suggest that the methionine values be corrected by the factor 
1 . 11 . 

It appears to the authors that certain modifications based on the 
findings of Rossouw and Wilken-Jorden and of Zittle and 0 Dell 
would simplify and shorten this procedure. If cystine were deter- 
mined by some other method | then nitrogen estimations should be 
satisfactory for the calculation of methionine, because any non- 
mercaptide nitrogen should be present in both precipitations in 
equal quantity and thus cancel the error. 

C. The Polarographic Method of Stern and Beach (591) 

Principle: Homocystine or homocysteine may be determined in 
a solution of 0.1 n NH4OH, 0.1 n NH4CI, and 10-^ m CoCb by the 
Heyrovsky polaro graph provided that cystine, cysteine, and similar 
sulfur compounds are absent. Otherwise the polarograph gives the 
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sum of cystine and homocysteine {cf. Section 8, Part II of this 
Chapter). 

*3. A Direct Colorimetric Method for Methionine 
(McCarthy and Sullivan, 444) 

Principle: Methionine forms a colored compound with sodium 
nitroprusside. 

Reagents: 14.3 N NaOH: Dissolve 57.2 gm. of NaOH in water. 
Dilute to 100 ml. 

HCI-H3PO4 Mixture: Mix 9 volumes of concentrated HCl with 

1 volume of 85 per cent H 3 PO 4 . 

Method: 1. Hydrolysis. 500 mg. of protein are hydrolyzed with 

2 ml. of 20 per cent HCl in an oil bath at 125° for 2 to 24 hours. 
The hydrolysate, after dilution, may be decolorized with 50 mg. of 
activated carbon (Carbex E). The carbon is washed with 5 ml. of 
hot and 5 ml. of cold n HCl. The filtrate and washings are adjusted 
to pH 3.5 with 5 N NaOH and the solution is diluted to 50 ml. with 
0.1 N HCl. 

2. Determination. To 5 ml, of unknown, the following reagents 
are added in order and with mixing after each addition, 1 ml. of 
14.3 N NaOH, 1 ml. of 1 per cent glycine,' and 0.3 ml. of 10 per cent 
sodium nitroprusside (freshly prepared). The tube is placed in a 
water bath at 35 to 40° for 5 to 10 minutes. Then it is cooled in 
ice water for 2 minutes and 5 ml. of HCI-H3PO4 mixture are added 
with mixing. It is shaken for one minute longer and cooled in water 
at room temperature for 5 to 10 minutes. The color is read against a 
closely matching standard or a calibration curve. Light filter 540 
mu. 

Comment: This reaction does not give any color with cystine, 
cysteine, homocystine or any other amino acid commonly present 
in protein hydrolysates except tryptophane. The latter is, however, 
destroyed during the acid hydrolysis. Although the color developed 
does not follow Beer^s la^v, the reaction is quantitative over the 
range of 25 to 200 p.p.m. of methionine. 

This simple and, if carefully conducted, accurate method has 
yielded excellent results in the authors’ hands. 

4. loDOMETRic Titration of Methionine (Lavine, 407, 408) 

Principle : An excess of iodine is added to a solution containing 
methionine. The remaining free L is exactly removed with Na 2 S 203 , 
the solution is acidified and the iodine bound to the methionine is 
liberated. 
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pH 7 to 9 

CH 3 SCH 2 CH 2 CHNH 2 COOH > (CH 3 S-R)+I- — CH 3 SR+I 2 

Hz I acid 

I 

Reagents: Phosphate Buffer. 7 parts of m K 2 HPO 4 and 3 parts of 
M KH2PO4. 

Method: 1. Blank. 5 ml. of neutralized unknown (0.125 mM. of 
methionine), 1 ml. of 6 N HCl, and 3.8 ml. of 0.1 n KIO3 are mixed 
and allowed to stand for 20 minutes. Then 1 ml. of 5 m KI and a 
mixture of 4 ml. of 5 M KI, 3 ml, of 2 N NaOH, 5 ml. of buffer, and 
3 ml. of water are added. After standing, 20 minutes the L is 
titrated with 0.025 n Na 2 S 203 . 

2. Determination. This is set up 10 minutes after beginning the 
blank. 5 ml. of neutralized unknown, 5 ml. of buffer, 5 ml, of 5 m 
KI, 7 ml. of water and 3.2 ml. of 0.1 N I 2 are mixed in order. After 
standing 20 minutes, the excess I 2 is removed with Na 2 S 203 , 4 
to 5 ml. of 2 N IICl are added and the iodine so liberated is titrated 
with 0.025 N Na 2 S 203 . 

1 mole I 2 — 1 mole of Methionine. 

Comments: It may be necessary to reduce the iodine concentra- 
tion of the blapk, before final titration with 0.025 n Na2S203, to 
match that of the determination by adduig a few drops of 0.2 
M NaHSOa. 

Lavine (408) points out that the blank may be neglected in many 
cases. It is usually necessary to decolorize the protein hycholysates 
with activated carbon (1:10). 

5. Tutiya^s Methyl Sulfide Procedure (623)* 

Principle: Methionine is fused with sodium hydroxide to yield 
CH 3 SH. The latter is then aerated into a solution of isatin and the 
resulting green compound is determined coloriinetrically. 

Reagents: Isatin. 10 to 20 mg. of isatin are dissolved in 100 ml. 
of concentrated II2SO4. 

Method: 0.2 to 100 mg. of methionine are fused for 1 to 2 minutes 
with 450 to 750 mg. of NaOH and a little water. The melt is then 
acidified with dilute HCl. The H 2 S (from cystine) and CHaSH 
(from methionine) are aerated first through a solution of lead ace- 
tate to remove the H 2 S and then into the isatin-sulfuric acid re- 
agent. A green color is formed. 

Comment: Tutiya (623) claims that other amino acids and carbo- 
hydrates do not give any color under these conditions, but a mixture 
of cystine and betaine will do so. 



CHAPTEIV III 
PART IV 

SULFUR AND SULFUR CONTAINING AMINO 
ACIDS IN PROTEINS 

All values given in the following tables have been calculated to 
16.0 per cent of nitrogen. In those instances, where nitrogen figures 
are not given by the authors, the amino acid values have been cal- 
culated using the value for N which is given in parenthesis. If the 
investigators reported their data in amino acid N as per cent of 
total N, then the results have been recalculated to 16,0 per cent of 
nitrogen, but the value of N is omitted from the tables. 

C/. Chapter I, Part VII for comments on ^‘Bcst Values^' and the 
calculation of the mean with twice the standard error. 

Under the heading “Method,^’ the general principle used to es- 
timate or calculate cystine and methionine is given. The proce- 
dures used for sulfur are standard and are not given by name. Sulfur 
values based upon the Benedict-Denis procedure are known to be 
low (Painter, 509) and have been omitted from the tables. 

The method adopted previously of referring to r procedure by 
the name of its original proponent has been knowingly modified in 
one instance, the reducing action of cysteine on phosphotungstic 
acid to give a blue color which was first reported by Winterstein, 
is, in conformity with usual practice, designated the Folin method. 


ALBUMINOIDS 

Sulfur Amino Acida in Gelatins, Elastins, and Relate.d Proteins 

Calculated to 16.0 gm. N. 


PROTEIN 

METHOD 1 

REFERENCE 

! 

NITROGEN 

BULFUB 

CYSTINE 

METH- 

IONINE 





per cent 

gm. 

gm. 

gm. 

Gelatin 

Gasometric 

Baernstein 

39 

(16.0) 


0.0 ! 


Gelatin 

Folin. 

Baernstein 

39 

(10.0) 


0.2 


Gelatin 

Morner-Okuda 

Baernstein 

39 

(16.0) 


0.1 


Gelatin 

Gasometric, Baernstein 

Baernstein 

41 

(16.0) 

0.47 ! 

0.2 

1.0 

Gelatin ' 

Hopldns-Beach 

Beach 

68 ' 

1G.7 

0.36 

0.0 

0.7 

Gelatin 

Folin 

Folin 

231 

(16.0) 


0.2 


Gelatin 

Folin 

Jones 

342 

(16.0) 


0.2 


Elaalin 

Folin, Baernstein 

Stein 

586 

17.1 

0.10 

0.2 

1 0.4 

Neurogelatin 

Folin 

unpublished 


14.7 

1.0 

0.0 


Fish Gelatin 

Fleming, McCarthy 

unpublished 


11.8 


+ 

1.5 


ALBUMINOIDS 

The small quantities of the sulfur containing amino acids in the 
proteins of connective tissue are well known. Gelatin, although low 
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in methionine, does not appear to be devoid of this essential amino 
acid as is so often reported. Oije should remember however that the 
composition of ‘^gelatin'-’ will vary with its ^ource and mode of 
preparation. 

ANIMAL PROTEINS 
Sulfur Amino Acids in Entire Animals 


Calculated to 16.0 gm. N. 


PROTEIN 

METHOD 

REFEBENCE 

NITHO- 

GEN 

801/- 

FUR 

CYS- 

TINE 

METH- 

IONINE 





per cent 

gm. 

gm. 

gm, 


Rat-Adult 

Folin 

unpublished 

11.7 


1.3 


6 preps. 

Rat-1 day old 

Fleming, Calculated 

unpublished 

13.3 

0.9 

1.3 

2-3 


Rat-23 day old 

Fleming, Calculated 

unpublished 

11.1 

1.1 

1.7 

3 


Rat-100 day old 

Fleming, Calculated 

unpublished 

13.4 

1,2 

1,4 

3 


Rat-18 mo. old 

Fleming, Calculated 

unpublished 

12.2 

1.3 

2.0 

3 


Rat- Adult 

Folin 

unpublished 

13.1 

1.3 

1.2 


a. 

Rat-Adult 

Folin 

Roche 548 

16.3 

0.05 

3.5 


a. 

Rat-Adult 

Folin 

Roche 548 

16.7 

0.93 

3.4 


b. 

Rat-Adult 

Folin 

Roche 548 

15.8 

0.01 

3.3 



Chick-Embryo 

Folin 

Calvery 141 

(15.0) 


2.8 



* Protein inanitio 

n 




# 



Total inanition 









ANIMAL PROTEINS 

The discrepapcies between our cystine values and those of Roche 
may be ascribed to differences in method; the Folin procedure will 
give high results in certain circumstances, or to an actual difference 
in the amino acid composition of the animals studied. In the case 
of cystine one thinks immediately of hair. This second explanation 
appears, however, to be ruled out by the determinations of total 
sulfur. It is the authors’ opinion that the entire rat carcass contains 
approximately 2 per cent or less of cystine, for if Roche’s values 
were correct almost the entire sulfur would be accounted for by 
cystine S. 

BLOOD PROTEINS 
Sulfur Amino Acids in Fibrin 

Calculated to 16.0 gm. N. 


SOURCE 

METHOD 

REFERENCE 

i 

1 NITRO- 
GEN 

SULFUR 

CYSTINE 

METH- 

IONINE 





per cent 

gm. 

gm. 

gm. 


Gaso metric 

Baernstein 

39 

(17.7) 


1.3 



Folin 

Baernstein 

39 

(17.7) 


3,2 



Morner-Okuda 

Baernstein 

39 ' 

(17.7) 


1.3 



Gasometric, Baernstein 

Baernstein 

41 

(17.7) 

0.88 1 

1.5 

2.2* 


Folin 

Jones 

342 

(17.7) 


3.4 



Hopkins-Vickery 

Vickery 

652 

(17.7) 


1.4 


Beef 

Schule 

Zahnd 

695 

(17.7) 


1.5* 


Beef 

Folin, McCarthy 

unpublished 




1.9 

2.6 

Average 






1.9 


* Best Values 



— 
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BLOOD PROTEINS 
Sulfur Amiso Acids in HiinogUMiu 

Calculated to 16.0 gm. N. 


Hjnro 

OLOBIJi 

1 " 

1 REFSRENC2 

NITROGEN 

' 

8UUUR 

CYSTINE 

UBTH- 

lONINB 

1 

fforae 

Baernstein 

1 

Kuhn 395 

per cent 
(16.7) 

gm. 

gm. 

gm. 

1.0 

Hone 

Schula 

Schuli 573 

(16.7) 

0.41* 

0.7* 


Hone , 

HopkinSrVickety 

Vickery 652 

(16.7) 


0.4 


Hone 1 

Hopkina-Vickery 

Vickery 653 

16.7 

0.37 

0.4 


Hone 

1 

, Zahnd 695 

(16.7) 


0.7 


Cattle 

Hopkins 

Bergmann 67 

17,0 


1 0,5 


Cattle 

Calculation 

Block 94 1 

16,1 j 


1 

. 1.4 

Sheep 

Calculation 

Block 94 

16.8 



2.8 

Sheep 

Hopkias-Vi ckery 

, Vickery 653 

16. S 

0.70 

0.6 


Dog 

Baernstein 

Kuhn 396 

(16.4) 



0,5 

Dog ! 

Hopkins-Viekery 

Vickery 653 

16.5 

0.55 

1.1 


Turtle 

Folin, Calculation 

unpuhliahed 

16.5 

0.9 

0.6 

3 

Pig ' 

Folin, Calculation 

unpublished 

15.0 

0,5 

0.4 

2 

* "Beat Vj 

dues” 







BT/)OD PROTEINS 
Sulfur Amino Acids in Giobins 


Calculated lo 16.0 gm. N, 


OLOBIN 

METHOD 

REFERENCE 

NITRO- 

GEN 

1 

SULFUEl 

CTBTINB 

METH- 

IONINE 





1 per cent 

gm. 

gm. 

gm. 

Horse 

Hopkins, Baernstein 

Beach 

56 

16.4 

0.39 

0.8 

0.7 

Horse 

Baernstein 

Birkhofer 

75 

(16.4) 


0.8 

0.9 

Horse 

Baernstein 

Kuhn 

395 

(10.4) 



1.0 

Horse 

Folia 

Roche 

550 

16.8 

0.49 

0.7 


Horse 

Brdicka 

Stern 

590 

16,4 


0.8 


Horse 

1 Scbul* 

Schula 

673 

1 16.4 

0.41 

0.8 


Cattle 

Hopkins, Baernstein 

Beach 

56 

15.7 

0.44 

0.4 

1.3 

Cattle 

Baernstein 

Birkhofer 

75 

i (15.7) 


0.6 

1.8 

Cattle 

Folin 

Roche 

650 

16.6 

0.50 

0.6 


Cattle 

Brdicka 

Stern 

590 

15.7 


1 0.4 


Sheep 

Hopkins, Baernstein 

Beach 

66 

16.1 

0.56 

i 0.8 

1.2 

Sheep 

Folin 

Roche 

550 

16.8 

0.53 

0.8 


Sheep 

Brdicka 

; Stern 

590 

16.1 


0.7 


Human 

Hopkins, Baernstein 

Beach 

56 

16.6 

0.58 

1.2 

1.2 

Human 

Hopkins, Beach 

Beach 

5S 

16.7 

1 0.65 

1.2 

j 1.5 

Human 

Baernstein 

Birkhofer 

76 

(16.6) 


1.3 


Human 

Fleraing-Vassel 

unpublished 

16.2 

0.6 ■ 

0.8 

1 

Human 

Folin 

Roche 

660 

16.7 

0.68 1 

0.8 


Human 

Brdicka 

Stern 

590 

16.6 


1.1 


Ape 

Baernstein 

Birkhofer 

75 

(16.6) 


1.2 

1.3 

Dog 

Baernstein 

Birkhofer 

75 

(16.0) 


1.8 1 

0.6 

Dog 

Baernstein 

Kuhn 

396 

(16.8) 



0.5 

Dog 

Folin 

Roche 

660 1 

16.6 

0.51 

0.8 1 


Pox 

Baernstein 

Birkhofer 

75 

(16.0) 


1.7 

0.6 

Jackal 1 

Baernstein 

Birkhofer 

76 ! 

(16.0) 


1.6 ' 

0.6 

Tig 

Hopkins, Baernstein 

Beach 

56 

16.5 

0.36 

0.8 

0.7 

Pig 

Folin 

Roche 

560 

16.3 

0.54 

0.7 


Guinea Pig 

Folin 

Roche 

650 

16.7 

0.60 

0.8 
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BLOOD PROTEINS 

Sulfur Amino Acids in 5€r«wi Albumins 


Calculated to 16.0 gm. N. 


BOTJBCB 

UBTHOD 

REFKnENCB 

1 

KITHOOEN 

¥~ ^ 

8ULTUR 

CTHTINB 

METH- 

IONINE 





per cent 

gm. 

gm. 

gm. 

Horse ? 

Gasonietric 

Baernstein 

39 

(16.0) 


3.9 


Horse ? 

Folin 

Baernstein 

39 

(16.0) 


6.0 


Horse ? 

Mdrner-Okuda 

Baernstein 

39 

(16.0) 


1.6 


Horse 

Folin, Baernstein 

Brand 

126 

15.9 

1.69 

6.3 

0.0 

Horse ? 

Brdicka 

Brdicka 

131 

(16.0) 


3.4 


Horse ? 

Folin 

Folin 

234 

(16. 0) 


6.1 


Horse-Fraction A 

Folin 

Hewitt 

297 



6.5* 


Horse-Fraction 11 

Folin 

Hewitt 

297 



2.0* 


Horse 


Mdrner 

4G3 

(16.0) 

1.29 



Horse 

Folin 

Reiner 

543 



5.9 


Horse-Crystalline 

Schula 

Schulz 

573 

(16.0) 

1.89 

4,8 


Horse ? 

Sullivan 

Sullivan 

696 

(16.0) 


5.7 


Horse ? 

Hopkins 

Zittle 

698 

(16.0) 


6,9 


Horse ? 

Hopkins-Sulli van 

Zittle 

698 

(16.0) 


5.7 


Cattle 

Folin 

Reiner 

543 



4.0 


Human 

Folin 

Alving 

30 

14.6 


6.7 


Human-NaiSOi 

Folin 

Bdlint 

46 ' 

16.0 


5.0±.3* 


Human-Na*SOi 

Sullivan 

Murrill 

469 

13.5 

• 

4.8 


Human 

Folin 

Reiner 

543 



6.0 


Human 

Folin 

Tuchman 

621 

(16.0) 


e.iii.i 


* “Best Values’’ 









BI.OOD PROTEINS 
Sulfur Amino Acids in Serum Globulins 


Calculated to 16,0 gm. N. 


SOURCE 

METHOD 

hepekencb 

NITROGEN 

SULFUR 

CYSTINE 

METH- 

IONINE 





, per cent 

gm. 

gm. 

gm. 

Horse ? 

Brdicka 

Brdicka 

131 

1 (16.0) 


1.6 


Horse^ 

Folin, Calculation 

Cal very 

144 

15.9 

1.3 

3.1 

2 

Ilorse^ 

Folin, Calculation 

Calvery 

145 

(16.0) 

i 1.3 

2.6 

3 

Horse ? 


Morner 

463 

(16.0) 

0.67 



Horse 

Folin 

Reiner 

543 



. 3.4 


Horse 

Schulz 

Schulz 

573 

(16.0) 


2.4 


Horse 

Sullivan 

Sullivan 

598 

(16.0) 


1.9 


Cattle 

Folin 

Reiner 

543 



2.9 


Human 

Folin 

Alving 

30 

14.6 


2.4 


Human 

Sullivan 

Alving 

30 

14.6 


2.0 


Human 

Morner-Okuda 

Alving 

30 

14.6 


2.1 


Human-NaiSO* 

Folin 

B41int 

46 

16.0 


2.5i .3* 


Human-NajSOi 

Sullivan 

Murrill 

469 

14.0 


3,4 


Human 

Folin 

Reiner 

543 



3.5 


Human 

Folin 

Tuchman 

621 

(16.0) 


3.6±.8 


* “Best Values” 








“ Pneumococcus precipitate type II 







^ Pneumococcus precipitate type I 
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AMINO ACID COMPOSITION 


BLOOD PROTEIN'S 
Sulfur Amino Acids in Total Serum ProUine 


Calculated to 16.0 gm. N. 


SOUHCB 

METHOD 

BEFBRBNCB 

NTTKOGEN 

8DLFUR 

CYSTINE 

meth- 

ionine 





per cent 

gm. 

gm. 

gm. 

Human 

Polin 

1 B&lint 

46 

16.0 


3.5±.4 


Human 

Folin 

Block 

105 

14.9 

1.57 

3.9 


Human 

Folin, Calculation 

Block 

110 

15.4 

1.34 

3.4 

2.0 

Human 

Folin, Calculation 

Block 

110 

15,2 

1.34 

3.4 

2.0 

Human 

Sullivan, Calcula- 

Murrill 

469 

14.3 

1.62 

4.3 

2.2 


tion 







Human 

Folin 

Tuchman 621 ‘ 

(16.0) 


4.8±.6 


Human-Myeloma 

Folin. Calculation 

unpublished 

14.1 

1.2 

2.9 

2 

n um a n-Ph en ylpyru vi e 

Folin 

Block 

105 

14.9 

1.55 

3.2 


Human-Nephritic 1 

Sullivan, Calcula- 

Murrill 

469 ' 

14.7 

1.62 

4.2 

2.3 


tion 







Dog 

Sullivan 

Murrill 

470 

12.2 

1.17 

3.3 


Dog-Reserve Protein 

Sullivan 

Murrill 

470 

11.6 

1.15 

3.2 


Dog-Regenerated 

Sullivan 

Murrill 

470 

14.4 

1.20 

3.1 


Dog-Casein diet 

Sullivan 

Murrill 

470 

12.7 

1.11 

3.1 1 


Dog-Lactalbumin diet 

Sullivan 

Murrill 

470 

12.2 

1.14 

3.1 


Dog-Beef serum diet 

Sullivan 

Murrill 

470 

14.1 

1.34 

3.3 


Dog- Veast diet 

Sullivan 

Murrill 

470 

14.2 

1.19 

3.1 


Cattle 7 

Hopkins-GraS 

Graff 

264 



3.6 


Mean with 2XS-E- 





1.32±0.10 

j3.6± .1 

2.1 


BLOOD PROTEINS 
Sulfur Amino Acids in Urine Proleins 


Calculated to 16,0 gna. N, 


FHOTEIN 

METHOD 

j reference 

nitrogen 

1 

ftULFUB 

CYSTINE ! 

meth- 

ionine 


j 



, per cent 

gm. 

, gm. 

gm. 

Bence-Jones 

Folin. Calculation 

Cal very 

143 

18.0 

0.89 

2.7 

0.8 

Bence-Jones 

Baernstein 

Devine 

195 

14.7 

1.46 

j 3.2 

0.6 

Bence-Jones 

Folin 

Folin 

231 

1 (16.0) 


3.5 


Bence-Jones 


Hopkins 

308 

16.2 

: 1.17 



Nephritic 

Sullivan 

Murrill 

469 

1^5.^ 

1.86 

1 5.9 



BLOOD PROTEINS 
Sulfur Amino Acids in Stroma PnAeins 


Calculated to IG.O gm. N. 


source 

METHOD ' 

REFERENCE 

NITROGEN 

SULFUR 

CYSTINE 

METH- 

IONINE 





per cent 

gm. 

gm. 

gm. 

Sheep 

Hophina, Baernstein 

Bench 

55 

14.0 

0.86 

1.1 

2.4 

Horse 

Hopkins, Baernstein 

Beach 

65 

12.9 

0.89 

1.1 

2.4 

Hog 

Hopkins, Baernstein 

Beach 

55 

13.1 

0.87 

1.4 

2.1 

Beef 

Hopkins, Baernstein 

Beach 

55 ' 

13.8 

0.82 

0.9 

1-7 

Beef 

Hopkins 

Erickson 

213 

13.8 


1.0 ' 


Beef-Embryo 

Hopkins 

Erickson 

213 

13.7 


1.4 


Human 

Hopkins, Baernstein 

Beach 

65 

13.0 

0.88 

1.1 

2.2 

Human* 

Hopkins 

Erickson 

213 

13.1 


1.4 


Human** 

Hopkins 

Erickson 

213 

13.7 


1.3 


• Polycythemia 

vera 







■* Polycythemia cardiac 
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BLOOD PROTEINS 

Hemoglobins and Glohins: There are considerable differences in 
the absolute quantities and relative proportions of sulfur, cystine, 
and methionine in globins and hemoglobins of different species. In 
fact these relatively large differences in the sulfur amino acids of 
globins are in marked contrast to the relatively small specie differ- 
ences in arginine, histidine, lysine, tyrosine, tryptophane, and 
phenylalanine. 

Serum Albumins: As mentioned before, the composition of any 
serum albumin fraction, even though homogeneous and crystalline, 
is a function of the method used in its preparation. The use of data 
from the literature to compute the molecular weight, acid and base 
binding capacity, etc. of any serum protein fraction must be made 
circumspectly unless the fraction analyzed and that under physico- 
chemical study, has been shown to be identical by phase rule 
studies, etc. There have been numerous such calculations in the 
recent literature in which this has not been done aud consequently 
are misleading to the average reader. 

Serum Globulins: These are even more inhomogeneous proteins 
than are the serum albumins. However, it is apparent that serum 
globulins contain only about one half to one third the quantity of 
cystine present in serum albumins. 

Serum Proteins: Amino acid analyses of total serum proteins in 
health and disease is a more valuable approach to protein changes 
under these conditions. The serum proteins from a patient with 
multiple myeloma contained less cystine than normal. This is to 
be expected in view of the practically complete disappearance of 
serum albumin in this case. 

Urine Proteins: The decrease in serum albumin is even more 
marked in multiple myeloma than in nephritis, yet Bence-Jones 
protein in contrast to the urinary protein in nephritis is relatively 
low in cystine. 

Stroma Proteins: There does not appear to be any distinct spe- 
cies specificity among these proteins with respect to sulfur and 
cystine. This is in contrast with the findings on globins. 



ISO 


AMINO ACID COMPOSITION 


BRAIN PROTEINS 

Sulfur Amino Acids in Brain ProieiTis (cf. 59, §9, 354, 105, and unpublished results) 


Calculated to 16.0 gm. N. 


animjll 

METHOD 

NITBOGEN 

SUUUR 

CT8TINB 

MBTH- 

lONlNB 




per cent 

gm. 

gm. 

! gm. 


Human-Males 

Folin, Calculation 

13.9 

1.2 

2.1 

3 

17 cases 

Human-Females 

FolLn, Calculation 

13.8 

1.2 

2.1 

3 

6 cases 

Monkey-Males 

Folin 

14.2 


2.0 


6 cases 

Monkey-Females 

Folin 

14.5 


2.1 


8 cases 

Sheep-Males 

Folin 

13.7 


2.0 


7 cases 

Sheep-Females 

Folin 

14.3 


1.9 


4 cases 

Eat 

Folin 

14.5 


2.1 


5 cases 

Guinea Pig 

Folin 

13.8 


1.6 


2 cases 

Cattle 

Folin 

14.2 


2,2 


2 cases 

Cattle 

Hopkins, McCarthy 


1.03 

2.0 

3.0 


Pig 

Folin 

15.4 


1.9 


2 cases 

Rabbit 

Folin 

12.8 


2.2 


2 cases 

Cat 

Folin, Momer 

15.2 


1.4 


(354) 

Dog 

Folin, MSrner 

15.1 


1.4 


(354) 

Frog 

Folin, Momer 

15.3 


1.2 


(354) 

Sheep 

Folin, Momer 

15.2 


1.4 


(354) 

Mean with 2XS.E, 

' 



1.8± .2 




EGG PROTEINS 

Sulfur Amino Acids in Crystalline Egg Albumin 


Calculated to 16.0 gm. N. 


METHOD 

REFKjaENCB 

MITROOEN 

SULFUB 

CYSTINE 

MKTH- 

. lONINB 




per cent 

gm. 

gm. 

gm. 

Gasometric 

Baernstein 

39 

(15.4) 


1.6 


Folin 

Baernstein 

39 

(15.4) 


1.3 


Gasometric, Baernstein 

Baernstein 

41 

(15.4) 

1,66 

2.4 

4.8 

Baernstein-Iodide 

Baernstein 

42 

(16.4) 



5.3 

Baernstem-Titration 

Baernstein 

42 

(15.4) 



4.7 

Folin 

unpublished 


13.0 

1.8 

2.4 


Brdicka 

Brdicka 

131 

(15.4) 


2.1 


Folin 

Calvery 

139 

(16.4) 


1.4 


Folin 

Folin 

234 

(15,4) 


1.3 


Hcffter-Guthrie 

Guthrie 

275 

(15.4) 


1.3“ 


Hellerman 

Hellerman 

288 

(15.4) 


1,4 


Sullivan 

Hess 

291 

(15.4) 


1.3 


Folin 

Jones 

342 

(15.4) 


0.9 


Baernstein 

Kassell 

357 

14.9 

1.94 

1.9 

6.6 

Baernstein 

Kuhn 

395 

(15.4) 


1.9 

5.0* 

La vine 

La vine 

408 

(15.4) 



4.8 

Schulz 

Schulz 

573 

(15.4) 

1.18 

i 


Sullivan 

Sullivan 

596 

(15.4) 


' 1.3- 


Folin 

Tompsett 

615 

(16,4) 


; 2.3 ' 


Baernstein 

Virtanen 

663 

12.1 



4.8 

Schulz 

Zahnd 

696 

(15.4) 


1.7 


Mean with 2 X8.E. 




1,65 

1.7±.2 

6.0± .3 

• "Best Values” 







“ 0.6 per cent cysteine 
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EGG PROTEINS 

Sulfur Amino Acida in Egg Proteins Other Than Albumin 


Calculated to 16.0 gm. N. 


PRO'rBlN 

METHOD 

REFERENCE 

1 

NITROGEN 

» 

SULFUR 

CT8TINE 

METH- 

IONINE 




per cent 

gm. 

gm. 

gm. 

Egg white 

Gasometric 

Baernstcin 30 

(15.0) 


2.2 


Egg White 

Mfirner-Okuda 

Baernstein 39 

(15.0) 


2.1 


Egg White 

Hopkins, Beach 

Beach 58 

15.0 

1.9 

3.2 

4.4 

Egg White 

FoUn 

unpublished 

14.8 

1.8 

2.6 


Egg White 


BLumenthal 111 

(15.0) 

1,7 



Egg White 

Folin 

Calvery 141 

(15.0) 


1.8 


Egg White 

Hopkins-GrafF 

i Graff 204 



2.8 


Effi White 

Folin 

i McFarlane 448 

15.2 


2.3 


Egg White 

Sullivan 

Prunty 530 

i 14.0 


1.7 


Mean with 2XS.E. 



1.8 

2,3± .4 

4,4 

Conalbumin 

Folin 1 

Jones 342 

i (15.4) 


, 3.5 


Egg Yolk 

Folin, Calculation 

unpublished 

14.0 

1.2 

1.9 

3 

Egg Yolk 

FoUn, Calculation 

unpublished 

j 15,0 

1.0 

1.9 

2-3 

Egg Yolk 

Folin 

Cal very 141 

(15.0) 


1.4 


Egg Yolk 

Folin 

McFarlane 418 

15.2 


2.3 


Whole Egg 

Folin, Calculation 

unpublished 

14.1 

1.6 

2.4 

4 

Vitellin 

Baernstcin- Iodide 

Baernstein 42 

(15.0) 



2.9 

Vitellin 

Baernstein-Titration 

Baernstein 42 

! (15.0) 



2.8 

Vitellin 

Folin ' 

Calvery 140 

15.0 

1.0* 

1.3 


Vitellin 

Folin 

Jones 342 

16.3 


1 0.8 


Vitellin 

Sullivan 

Jukes 347 



1.2 


Vitellin 

Baenistein 

Kuhn 396 

(10. 0) 


1.8 

1 

Livetin 

Baernstein-Iodide 

Baernstein 42 

(15.6) 



2.4 

TAvetin 

Baernstein-Titration 

Baernstein ‘ 42 

(15.5) 



2.4 

Livetin 

Sullivan 

Jukes 347 

14.8 


2.5 


Livetin 

Folin 

Jukes 348 

15.5 


3.6 


Ovomucoid 

Baernstein-Iodide 

Baernstein 42 

(1,3.5) 



1.7 

Ovomucoid 

Baerns tein-T it ration 

Baernstein 42 

(13.5) 



1.6 

Ovomucoid 

Fohn 

McFarlane 448 

13.5 

2.7 

0.2 



EGG PROTEIN'S 

Schulz (573) in 1898 was the first to point out the relatively small 
proportion of total sulfur which was split off from egg albumin by 
alkaline lead acetate. He apologized for this low value by saying 
that he had sufficient crystalline egg albumin for one determination 
only. It is therefore especially interesting that his value for labile 
sulfur, when calculated as cystine, agrees with the best values in 
the literature at present. 

The high sulfur content of egg proteins, especially egg white pro- 
teins, has long been recognized. 
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AMINO ACID COMPOSITION 


FOODS 

Sulfur Amino Acida in Feeds and Foods 
^ Calculated to 16.Q gm. N. 


SODSCl 

METHOD 

BEnKENCE 

NITRO‘ 

OXN 

SDirUR 

CTSTINE 

UETH- 

lONINH 





per cent 

gm. 

gm. 

gm. 


Bread 

Fc4in, Calculation 

unpublished 

11.2 

1.1 

2.2 

2-3 

6% milk solids 

Bread 

Folio, Calculation 

unpublished 

11.3 

1.2 

2.0 

3 

6% milk solids 

Flour 

Folio, Calculatioo 

unpublished 

12.8 

l.I 

1.9 

3 

6 samples 

Cereal 

Fleitung, Folin 

unpublished 


1.0 

1.2 


“Wheatena” 

Cereal 

fleining, Folin 

unpublished 

12.3 

1.4 

1.8 


“Ralston" 

Cereal , 

Fleming, Folin 

unpublished 


1.3 

1.6 


“Cream Farina" 

Cereal I 

Fleming, Folin 

unpublished 

13.6 

1.1 

1.7 


“Cream of Wheat” 

Cereal 

Fleming, Folio 

unpublished 

13.8 

1.1 

1.4 


“New Cream of Wheat" 

Cereal 

Fleming, Folin 

unpublished 


1.1 

0.7 


"Puffed Sparkiee" 

Cereal 

Folin, McCarthy 

unpublished 



0.7 

1.6 

“Cerevim" 

liuaeed Meal 

Folin, Calculation 

unpublished 


1.1 

1.9 

3 


Alfalfa Leaf Meal 

Folin, Fleming 

unpublished 

10.6 

1.3 

1.4 



Soybean Meal 

Folin 

unpublished 



1.3 



Soybean Meal 

McCarthy-SuUi-van 

Almquiat 29 




2.0 


Flaxseed Meal 

Folin, McCarthy 

unpublished 



1.9 

2.3 


Peanut Meal 

Folio, McCarthy 

unpublished 

10.4 


1.6 

0.9 


Cottonseed Meal 

Folk, McCarthy 

unpublished 

10.9 


2.0 

1.6 

Proflo 

Meat Scraps 

Folk, Calculation 

unpublished 


1.1 

I.O 

3 


Tankage 

Folk, Ckilculatioa 

unpublished 

10.5 

0.8 

0.9 

3 


Menhaden Meal 

Folin, Calculation 

unpublished 

11.8 

0.9 

I.O 

3 


Haddock Meal 

Folk 

Pottmger 626 



1,1 




FEEDS AND FOODS , 

Cereals: The apparent injurious action of ^^puffing” on the cystine 
content of a wheat cereal should be noticed. 

Peanut Meal: As was to be expected from the analyses of arachin, 
peanut meal proteins are the lowest in methionine content of any 
proteins so far reported with the exception of gelatin and wool. 
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HORMONES AND ENZYMES 
Sulfur Amino Acids in Hormontt and Nonmetalic Emymee 


_1 Calculated to 16.0 gm. N. 


PKcrrWN j 

METHOD 


1 

NTTROOEN 1 

sJnrcn 

ctstinb 

UETBIONINE 





per cent ' 

gm. 

gm. 

gm. 

IsBulin 

Baernstein 

Kuhn 

3^ 

15.7 


12.2 

0.6 

iDBulin 

Folin, Baemstein 

Miller 

455 

15.5 

3.45 

12.9+ ,4* 

0.0* 

InsuliD 

Brdicka 

Sullivan 

600 

(15. 7j 


|12.9-13.6 


Insulin 

Sullivan 

SulUvan 

600 

(15.7) 


11.8-12,8 


IdsuUd 

Fleming-Vaeael 

1 Vasael 

641 

, (15.7) 


10.8 


Insulin 

Fleming-VasBel 

Yassel 

641 

i (15.7) 


1 10.3 ' 


Insulin ! 

Folin 

du Vigneaud 

660 

, 15.7 


13.1 


Insulin 

Sullivan 

du Vigneaud 

660 

15.7 


8.4 


Insulm 

Baernstein 

du Vigneaud 

660 

15,7 

i 

12.4 

0.0 

Pepein 

Folin 

Calvery 

146 

15.4 


1.5 


Pepsin 

Folin 

Calvery 

146 

j 15.2 

i' 

1 1-3 

Heat coagulum 

Pepein 

Folin 

Calvery 

146 

15.4 


2.3 

Heat filtrate 

Thyroglobulin 

Baernsteia 

Brand 

122 

(15.8) 

1.47 

4.4 

1.3 

Thyroglobulin 

Folin 

Eckstein 

202 


1 

1.6 1 


Chymotrypeinogen 

Sullivan, Baernstein 

Brand 

125 

16.2 

2.1 

4.5 

1.2 

Pituitary Lactogenic 


Li 

419 

(16,0) ! 


3.0 


Pituitary Oxytocic 

Sullivan 

Potte 

628 

(16,0) 1 

5.59 

18.3 


Pituitary PreMor 

Sullivan 

Potta 

528 

(IC.O) 


19.0 


Roub Sarcoma 

Folin, Fleming 

unpublished 


14.6 ' 


5.2 


Secretin 

Sullivan 

Agren 

25 

14.4 

0.8 

* 0.0 



* "Best Values." 


ANIMAL HORMONES AND ENZYMES 

Insulin: It is interesting that insulin is relatively rich in cystine 
and devoid of methionine just as it is abundantly supplied with 
tyrosine but devoid of tryptophane. 

Pressor and Oxytocic Hormones: The large amounts of cystine 
present in these biologically active substances should be noticed. 
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AMINO ACID COMPOSITION 


KERATINS 

Sulfur Amino Adds in ffuf?win Hair 


r Calculat«d to 16.0 gm. N. 


USTHOD 

' BEFEltl^CE 

NintOGEN 

SULFUB 

OTBTINE 





per cent 

gm. 

gm. 


Folin 

Block 

97 

15.4 

5.2 

16.1 


Foliu 

Block 

109 

16.6 

4.7 

15.0 


Brdicka 

Brdicka 

131 

(16.6) 


17.0 

brown 

Brdicka 

Brdicka 

131 

(16.6) 


17.2 

blond 

Brdicka 

Brdicka 

131 

(16.6) 


16.4 

child 

Brdicka 

Brdicka 

131 

(16.6) 


13.6 

red 

Folin 

Clay 

106 

16.5 

6.47 

17.4 

male 

Sullivan 

Clay 

166 : 

15.5 


15.3 

male 

Folin 

Qay 

166 

15.4 

5.47 

16.2 

female 

Sullivan 

Clay 

166 

15.4 


14.1 

female 

SiilUran 

Clay 

166 1 




0.5% cysteine 

Folin 

Folin 

231 

(16.6) 


15.9 


Sullivan 

Lewis 

418 1 

17.3 


14.8+1.2 


Isolation 

MSrner 

463 

(16.6) 

3.92 

13.4 


Folin 

Wilson 

681 

15.4 


19.6 

children 

Folin 

Wilson 

681 

15.4 


18.3 

adults 

Mean with 2XS.E. 





15.9+.9 i 



KERATINS 

Sulfur Amino Adds in Wool 


Calculated^ io 16.0 gm. N. 


USTHOD 

BEFZBENCE 

NITBOGEN 

BULFtJB 1 

CYSTINE 

METH- 

IONINE 




per cent 

gm. 

gm. 

gm. 

Isolation 

Abderhalden 

16 

(16.6) 


7.0 


Casometiic 

Baernstein 

39 

(16.6) 


9.9 


Folin 

Baernstein 

39 

(16.6) 


7,6 


Marner-Okuda 

Baernstein 

39 

(16.6) 


8.8 


Sullivan, Baernstein 

Bailey 

43 

! 16.3 

3.56 

12.3 

0.6 

Folin 

Bailey 

43 

16.3 


12,3 


Sullivan, Baernstein 

Bailey 

43 

16,2 

3.69 

11.5 

i 0.6 

Folin 

1 Bailey 

43 

16.2 


11.6 


Baernstein 

1 Barritt 

52 

16.6 

2. 9-3. 8 


0.5± .1 

Folin 

Block 

77 

16.6 

4.38 

9.6 


Folin, Calculated 

Block 

97 

15.4 

3.7 

13.6 

0.5 


Blumenthal 

111 

(16.6) 

3.0 



Brdicka 

Brdicka 

131 

(16.6) 


9.3 


Folin 

Folin 

231 

(16.6) 


7.5 


Sullivan 

Gordon 

261 



10.8 


Hopkins-Graff 

Graff 

264 



9.6 


Sullivan 

Hess ‘ 

293 

(16.6) 


13.1 


MSmer-Okuda 

Hess 

293 

(16.6) 


13.4 


Folin-^hinohara 

Hess 

293 

(16.6) 


13.6 


Folin-Marenri 

Hess 

293 

(16.6) 


16.3 


Hopkins-SuUivan 

Hess 

293 

(18.6) 


13.3 


Isolation 

Martin 

437 




0.7 

Sullivan 

Sullivan 

596 

(16.6) 


12.4 


Sullivan 

Sullivan 

601 

(16.6) 

3.2 

11.3 


Mfirner-Okuda 

Sullivan 

601 

(16.6) 


11.6 


Folin 

Sullivan 

601 

(16.6) 


12.6 


Hopldns-Vickery 

Vickery 

652 

(16.6) 


9.2 


Baenutein 

du Vigneaud 

661 

(16.6) 



0.5 

Folin 

Wilson 

661 



9.9 


Mean with 2X8.K. 




3.5 


0.6 
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KERATINS 

Sulfur Amino Acids in Hair Pr/jfeins other than Human Hair and Wool 


Calculate^ to 16.0 gm. N. 


PBOTBIN 

METHOD 

SEFEHENCB 

NITBO- 

OEN 

SULFUR 

CYSTINE 

METH- 

lONnnt 






per cent 

gm. 

gm. 

gm. 


Kemp 

Sullivan, Baernstein 

Bailey 

43 

15.9 

3.37 

11.2 

0.8 


Kemp 

Folin 

Bailey 

43 

15.9 


11,5 



Kemp 

Sullivan, Baernstein 

Bailey 

43 

15.5 

1.96 

1.9 

0.8 

scoured 

Kemp 

, Folin 

Bailey 

43 

15.5 


2.0 


scoured 

Rat Hair 

Polin 

Unpublished 

14.7 


13.4 


a 

Rat Hair 

Folin 

unpublished 

14.8 


15.6 


b 

Rat Hair 

Folin 

unpublished 

14.6 


16.0 



Rat Hair 

Folin 

unpublished 

14.7 


14.7 


d 

Bat Hair 

Folin - 

Wilson 

681 

(15.4) 


14.6 



Camel Hair 

Folin 

Block 

97 

15.1 

3.3 

11.7 



Chimpanaee 

Folin, Calculated 

Block 

109 

16.7 

4.1 

14.9 

0.7 


Hair 









Cattle Hair 

Folin, Calculated 

Black 

109 

15.5 

3.8 

13.9 

0.6 


Cat Hair 

Folin 

Wilson 

681 

(16.4) 


13.6 



Dog Hair 

Folia 

Wilson 

681 

(15.4) 


19.7 



Hog Hair 

Folin 

unpublished 

15.1 

3.7 

9.2 



Hog Hair 

Fleming-Vassel 

unpublished 

15.1 


8.3 » 



Goat Hair 

Folin 

Block 

97 

16.2 

3.1 

8.8 



Rabbit Hair 

Folin 

Wilson 

681 

(15.4) 


13.5 



Rabbit Hair 

Lugg, McCarthy 

1 unpublished 



16.7 

0.5 



* 30 per cent Milk Powder Diet 
^ 30 per cent Milk Powtifer Diet +cystine 
® 30 per cent Milk Powder Dlet+methionine 
40 per cent Milk Powder Diet 


KERATINS 

Sulfur Amino Acida in i^orn Proleins and Bimilai Eukeratins 


PROTEIN 


Cattle Horn 
Cattle Horn 
Cattle Horn 
Cattle Horn 
Cattle Horn 
Rhinoceros Horn 
Steer Hoofs 
Steer Hoofs 
Emu Bill 
Goose Bill 
Iquana Bill 
Porcupine Quills 
Echidna Quills 
Human Nails 
Human Nails 
Human Nails 
Goose Feathers 
Goose Feathers 
Hen Feathers 
Turkey Feathers 
Duck Feathers 
Snake Skin 
Egg Shell Membrane 
Egg Shell Membrane 
Egg Shell Membrane 


Calculated to 16.0 gm. N. 


METHOD 

REFERENCE 

NITROGEN 

SULFUR 

CTBTtNB 




per cent 

gm. 

gm. 

Isolation 

Abderhalden 

16 

(15.1) 


7.9 

Folin 

Block 

97 

16.1 

2.8 

8.2 


Rlumenthal 

111 

(16.1) 

3.6 


Folin 

Folin 

231 

(16.1) 


6.7 

Isolation 

Mfimer 

463 

(16.1) 

2.48 

6.8 

Folin 

Block 

97 

15.6 

2.4 

8.9 

Folin 

unpublished 


15.0 

2.0 

6.3 

Flcming-Vaesel 

unpublished 


15.0 


6.0 

Folin 

unpublished 


13.2 


4.7 

Folin 

unpublished 


10.6 


6.3 

Folin 

unpublished 


13.5 


6.8 

Folin 

Block 

97 

15.8 

3.0 

9.5 

Folin 

Block 

97 

15.2 

4.0 

12.5 

Rossouw-Sullivan 

Freyberg 

243 

(16.0) 


11±1 

Sullivan 

Lewis 

418 

16.8 


10±1 

Sullivan 

Hess 

292 

(14.9) 


12.9 


Block 

77 

16.5 

3.3 


Folin 

Wilson 

681 

15.1 

3.0 

10.5 

Folin 

Block 

97 

15.6 

2.4 

7.0 

Folin 

Wilson 

681 

15.6 

2.6 

8.3 

Fohn 

Wilson 

681 

15.7 

3.0 

10.7 

Folin 

Block 

97 

15.2 

2.3 

6.9 

Folin 

Cal very 

141 

(16.8) 


6,2 

Folia 

Cal very 

142 

16.6 

3.64 

12.2 

Isolation 

M5mer 

463 

(16.0) 

2.47 

7.6 
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KERATINS 

Sulfur Amiao Acid in ^aeudokeratifia 


Calculated to 16.0 gm. N. 


PBOTKIN 

1 METHOD 

REFERSNCS 

1 

NITBO- 

GEJf 

SULFUR 

CYSTINE 






per cent 

gm. 

gm. 


Neurokeratin 

Isolation 

Ai^ris 

32 

14.2 


1.7 


Neurokeratin 


Block 

78 

14.1 

2.25 



Neuro keratin 

Folin 

: unpublished 

' 13.3 

2.4 

4.1 


Neurokeratin 

Folin 

unpublished 

10.9 


4.6 

Papain 

Neurokeratin 

Folin 

unpublished 

10. 0 


! 4.5 

Pepsin 

Neurokeratin 

Folin 

unpublished 

8.3 


3.9 

Trypsin 

Skin Human 

Folin 

Block 

79 

15.5 

1.72 

3.5 


Skin Human 

Folin 

Eckstein 

203 

14.2 


4.3 


Skin Human 

Folin 

Wilkerson 

678 

15.1 


2.3 


Skin Human 

Folin, Baernstein 

Wilkeraon 

679 

15.1 

1.15 

2.5 

2.6 

Skin Human 

Folin 

Wilson 

681 

13.0 

0,86 

2.6 


Skin Lamb 

Sullivan 

Sullivan 

601 

(16.0) 

1 0.79 

0.9 


Skin Lamb 

M ornernO kuda 

Sullivan 

601 

(16.0) 


0.9 


Shell Tortmse 

Folin 

Wilson 

681 

(15.0) 


7.9 


Scutes Turtle 

Folin 

Block 

96 

14.1 

2.6 

9.6 


Excrescence Pelican 

Folia 

Block 

96 

14.0 

1.8 

4.6 


Baleen Whale 

Folia 

Block 

96 

14.1 

3.9 

10.8 


Casing Fish Egg 

Sullivan 

Young 

694 

15.3 


1.9 

Salmon 

Gorgonin 

Folin, Hopkins 

Block 

96 

14.1 


10.2 

G. flabellum 

Gorgonin 

Folin, Hopkins 

Block 

96 

13.7 


8.9 

P. dichotoma 

Spongin 

Folin, Hopkins 

Block 

96 

14.0 


3.4 



KERATINS 

Hair and Wool: One of the earliest recognized characteristics of 
keratins was their high content of sulfur and cystine. It is interest- 
ing that in spite of the large number of cystine determinations 
which have been carried out on eukeratins, there are only a few 
values for methionine, not a single one in the case of human hair. 
The noncystine S of hair may, however, indicate the presence of 
some methionine in this protein. 

Variation in the cystine content of samples of the same protein 
can be due to many factors among the most significant is the treat- 
ment to which the protein was subjected before hydrolysis. Thus 
Bailey (43) has shown that ^'scouring'’ of kemp reduces its cystine 
to approximately one fifth of the initial value. 

Pseudokeratins: The‘ majority of the pseudokeratins yield less 
cystine than the average eukeratin. 
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LIVER PROTEINS 
Sulfur Amino Acida in ZaW Proteins 


Calculated to lg.O gm, N. 


8O0BCE 

MBTBOD 

BEFEBENCB 

NITBO- 

GEN 

SULFUR 

1 

CrAlNB 

METH- 
JONIWE 1 




! 


per cent 

gm. 

gm. 

gm. 


Beef 

Polin, Calculated 

unpublished 

13.3 

1.1 

1.4 

3.4 


Beef 

Hopkins, Beach 

Beach 

59 


0.9 

1.3 

3,2 


Rat 

Folin 

Lee 

411 


1.0 

1.8 



Cat 

Folin 

Urban 

625 

16.4 

i 1.2 

1.8 


Albumin 

Cat 

Folin 

Urban 

625 

: 14.8 

0.82 

1.2 ! 


Globulin 

Cat 

Folin 

Urban 

625 

15.0 

0.93 

1.3 



Human 

Folin 

Block 

105 

13.6 


1.6 ! 



Normal 

Baernatein 

Greenstein 266 

^ 15.7 

1.1 

I.4±.l 

3.2± .1 

Nucleo-protein 

Tumor #31 

Eaernstein 

Greenstein 287 

15.6 

1.1 

1.4 ^ 

3.0 

Nueleo-protein 

Cod 

Folin, McCarthy 

unpublished 



1.1 

3.4 



METALLOPROTEINS 

Sulfur Amino Acids in Metalloproteim other than Hemoglobin 


Calculated to 16.0 gm. N. 


PROTEIN j 

METSOD 

REFERENCE 1 

NITROGEN 

SULFUR ' 

CYSTINE 

METH' 

ION] NS 




1 


per cent 

gm. 

gm, 

gm. 


Cytochrome 

Folin 

Theorell 605 

15.4 i 


0.7' 



Ilemocyanin 

Folin 

Roche 

550 

15.6 

1.0 

2.0 


Mollusc 

Hemocyanin 

Folin 

Roche 

550 

16.8 

1.0 

1.8 


Crustacea 

Hemocyanin 

Baernitein 

Mazur 

441 

17.5 

1.12 

1.8 

1 2.4 


Hemerythrin 

Folin 

! Roche 

550 

10.8 1 

1.66 

2.4 


Siphuncle 

Ferritin 

Baernstein 

Kuhn 

396 

i 8.4 


2.1 

2.8 



* One mole of , cysteine would require the presence of 1.9 per cent of cystine, t.e. a large hydrolytic loss 
is indicated or the preparation is inhomogeneous. 


MILK PROTEINS 

Sulfur Amino Acids in Casein from Cow’s Milk 


Calculated to 16.0 gm. N. 


SOURCE 

METHOD 

REFERENCE ^ 

NITRO- 

GEN 

SULFUR j 

CYSTINE 

1 

METH- 

IONINE 





per cent 

gm. 

gm. 

gm. 


Gasometric 

Baernstein 

39 

(15.4) 


1.0 



Folin ' 

Baernstein 

39 

(15.4) 


0.3 



Morner-Okuda 

Baernstein 

39 

(15.4) 

j 

0.3 



Gasometric, Baernstein 

Baernstein 

41 

(15,4) 

0.88 

0.7 

3.5 


Baernatein-Todide 

Baernstein 

41 

(15.4) 



3.4 


Baernatein-Titration 

Baernstein 

41 

(16.4) 



: 3.2 


Hopkins, Baernstein 

Beach 

55 

15.1 


To. 3 

3.2 


Hopkins, Baernstein 

Beach 

57 ' 

14.5 

0.88 

, [0.3 

j 3.4 


Hopkins, Beach 

Beach 

58 

15.8 

0.86 ' 

0.3 

3.2 

Harris 

Folin 

unpublished 


14.8 

0.7 



Labco 

Folin, Calculation ■ 

unpublished 


16.8 

1 0.7 

i 0.6 

i 2.7 

Labco Hydrolyzed 

Folin, McCarthy ' 

unpublished 


12.2 


0.3 

4.7 

Labco Hydrolyzed i 

Folin, McCarthy 

unpublished 


12,3 


0.3 

4.9 

Difeo Hydrolyzed 

McCarthy 

unpublished 

1 

7.4 


■ 

3.2 

Difeo Hydrolyzed 

McCarthy 

unpublished 


10.5 



3.7 



Blumenthal 

111 

(15.4) 

0.66 



1 

Sullivan, Baernstein 

Brand 

121 

14.8 


0.4 1 

3.5 


Sullivan 

Csonka 

181 



0.3 ' 
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MILK PROTEINS (Continued) 

Sulfur Amino Acids in Casein from Cow's Milk 


Calculated to 16,0 gm. N. 


BOtrSCE 

U^TEOD 

REFERENCE 

NITRO- 

GEN 

SULFUR 

CYSTINE 

Hsra- 

lONlNE 





per cent 

gm. 

gm. 

gm. 

Hammersten 

Folin 

Folin 

231 

(15.4) 


0.3 


Hammersten 

Folin 

Folin 

234 

(16.4) 


0.2 


Cohn 

Folin 

Folin 

234 

(15.4) 


0.3 


Hammersten 

Hopkins-Graff 

GrsS 

264 



0.8 


Vitamin Free 

Hopkins-Graff 

Graff 

264 



0.2 



Sullivan 

Hess 

291 



0.3 



Sullivan 

Hess 

293 

(15.4) : 


0.3 



Mornet-Okuda 

Hess 

293 

(15.4) 


0,3 



Folin-Shinohara 

Hess 

293 

(15.4) 


0.5 



Folin-Mareniii 

Hess 

293 

(15.4) 


0.5 



Hopkins 

Hess 

293 

(15.4) 


i 0.3 



Baematein 

Kuhn 

395 

(15.4) 


* 0.5 

3.2 


La vino 

Lavine 

408 

15.3 



3.0 


Folin 

Marensi 

430 

(15.4) 


0.3 



Sullivan, McCarthy 

McCarthy 

444 

15.1 


0.5 

3.3 


Baematein 

Plimmer 

521 

15.2 


0.4 

3.1 


Folin 

Plimmer 

621 

15.2 


0.3 



Sullivan 

Pottinger 

527 

(16.4) 


0.3 



Su&ivan 

Prunty 

530 

! (15.4) 


0.3 


Hammersten 

Sullivan 

Prunty 

530 

; (15.4) 


0.2 


Glaxo 

Sullivan 

Prunty 

530 

(15.4) 


0.1 



Brdicka 

Stern 

590 

(15.4) 


0.3 



Hopkins 

Stern 

690 

(16.4) 


0.3 



Sullivan 

Sullivan 

598 

(15.4) 


0.3 



Baemstein 

Toennies 

613 

14,1 


0.4 

3.0 


Folin 

1 Tompsett 

615 

(16.4) 


0.3 



Fleming 

Vassel 

641 

(15.4) 


0.3 


Hammersten 

Hopkins 

1 Vickery 

652 

(15.4) 


0.2 


Harru 

Hopkins 

Vickery 

652 

(15.4) 


0.2 


Commercial 

Hopkins 

Vickery 

652 

(15.4) 


; 0.5 



Schulx 

Zabnd 

695 

(15.4) 


0.3 


Mean with 2XS.E. 





0.78 

0.36+ .04 

3.S±.3 
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MILK PROTEINS 
Sulfur Amino Acids in LactaJhumin 


Ctdculsted to 10.0 gm. N. 


UBTHOD 

BErEBENCB 

NITBOQXN 

8UUUR 

CT8TINE 

KETHIONENB 




per cent 

gm, 

gm. 

gm. 

Gasometric, Baernatein 

Baernstein 

41 

(15.2) 

1.64 

4.0 

2.8 

Baerostein-Iodide 

Baernstein 

42 

(15,2) 



i 2.6 

Baernstein-Titration 

Baernstein 

42 

(15.2) 



2.4 

Hopkins, Baernstein 

Beach 

67 

14.2 

1.42 

1 2.8 

i 3,1 

Hopkins, Beach 

Beach 

6S 

15.7 

1.58 

3.3 

3,0 


1 Blumentbal 111 

(15.2) 

1.3 

1 

1 

Sullivan, Baernsteln 

Brand 

121 

14.8 


3.4 

3.0 

Hopkina-Graff 

Graff 

264 


1 

3.0 


Sullivan 

Hess 

291 

(15.2) 


2.4 


Sullivan 

Hess 

293 

{15,.2) 


2.3 


MdiTier-Okuda 

Hess 

293 

(15.2) 


2.7 


Folin-Shinobara 

Hess 

293 

i (16.2) 


2.8 


FoUn-Marenai 

Hess 

293 

(15.2) 


3.0 


Hopkins-Vickery 

Hess 

293 

(15.2) 


2.7 


FoUn 

Jones 

342 

(16.2) 

1 

4.1 


Baernstein 

Kassell 

357 

14.6 

1.55 

3.4 

3.1 

La vine 

La vine 

40S ! 

(16.2) 



2.6 

Baernstein 

Flimmer 

521 

14.2 


3.7 

2.6 

Folin 

Plimmer 

521 ' 

14.2 


’ 2.9 


Sullivan 

Sullivan 

696 

(15.2) 


2.7 


Sullivan 

Sullivan 

598 

(15.2) 


2.3 


Fleming 

Vassel 

641 

(16.2) 


2.8 


Hopkins 

Vickery 

652 

(16.2) 


2.7 


1 

Mean with 2 XS.E. 




1.50 

3.0±.2 

2.8±.2 


MILK PROTEINS 

Sulfur Amino Acids in MUk Prottins other than Casein and Lactalbumin 


Calculated to 16.0 gm. N, 


PSOTELB 

, METHOD 

1 

RIFE BENCE 

NITHO- 

QEK 

SULFUR 

CTSnjTB 

METTH- 

lONINE 





per cent 

gm. 

gm. 

gm. 

Casein, Human ^ 

Hopkins, Baernstein 

Beach 

57 

14.6 

0.7S 

0.8=^ 

2.4* 

'Casein, Human 

Baernstein 

Plimmer 

621 

1 14.4 


1 0.7 

1 3.0 

Casein, Human 

Folin 

Flimmer 

521 



0.6 


Whole Milk, Human 

Folin, McCarthy 

unpublished 

16.2 

j 1.6 

3.4 

2.0 

Whole Milk, Cow 

Folin, McCarthy 

unpublished 

15.2 

1.0 

1.2 

2.8 

Whole Milk, Cow 

Sullivan 

Prunty 

530 

(4.0) 


0.7 


Lactalbumin, Human 

Hopkins, Baernstein ' 

Beach 

67 ! 

IS. 7 ' 

1.44 1 

3.6± .4* 

2.2* 

Lactalbumin, Human 

Baernstein 

Plimmer 

521 

14,6 


4.5 

1.5 

Lactalbumin, Human 

Folin 

Plimmer 

621 

14,6 


3.2 ' 


0-LactoglobuIin 

Folin, McCarthy 

Bolling 

112 

15.6 

1.74 

3. 6* 

3.9* 

^Lactoglobulin 

Fleming-Vasael 

Bulling 

112 

16.6 


3.6 


0-Lactoglobulin 

Folin, Baernstein 

Brand 

128 

15.6 

1.64 

3.7 

3.3 


• "Best Values.” 


MILK PROTEINS 

The differences in cystine and methionine contents of human and 
cow^s milk are of special interest. In spite of the fact that cow’s 
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lactalbumin contains somewhat more methionine than lactalbumin 
from human milk, the marked deficiency in cystine in casein from 
cow^s milk makes the total proteins from the latter somewhat de- 
ficient with respect to the sulfur containing amino acids as com- 
pared to human milk proteins. This analytical observation has 
been checked by feeding experiments in white rats. If cystine or 
methionine is added to cow^s milk in such proportions that the 
sulfur amino acid content is equivalent to human milk proteins 
there is a distinct increase in the nutritive value of the cow^s milk 
proteins as shown by growth, nitrogen balance, and paired feeding 
experiments {cf. Keratin Table: Sulfur Amino Acids in Hair Pro- 
teins other than Human Hair and Wool, page 185). 

MUSCLE PROTEINS 
Sulfur Amino Acids in Animal Muscle Proiei/u 


Calculated to 16.0 gm. N. 


AMDIAL 

METHOD 

REFEBEKCE 

NITHOGEN 

HULFITB 

CT8TINH 

METH- 

IONINE 





per cent 

gm. 

gm, 

gm. 

Beef Muscle 

Hopkins, Beach 

Beach 

58 

14.8 1 

1.1 i 

1.1 

3.5 

Beef Muscle 

Hopkins, Beach 

Beach 

59 


1.1 

1.3 

3.2 

Beef Muscle 

Sullivan, McCarthy 

Beach 

69 


1,1 

0.9 

3.1 

Beef Miiscle 

FoUn 

Jones 

342 

(16.0) 


1.6 


Beef Muscle 

Sullivan 

Pottinger 527 

(16.0) 


* 1.3 


Beef Muscle 

Folin, Calculated 

1 unpublished 

16.1 

1.0 

l.l 

3.3 

Veal Muscle 

Hopkins, Beach 

: Beach 

59 


1,1 

1.3 

3.3 

Veal Muscle 

Sullivan, McCarthy 

Beach 

69 



1.0 

3,8 

Lamb Muscle 

Hopkins, Beach 

Beach 

59 


1.1 

1.4 

3.1 

Lamb Muscle 

Sullivan, McCarthy 

Beach 

59 



1.0 

3,3 

Pork Muscle 

Hopkins, Beach 

Beach 

59 


1.0 

1.1 

3.4 

Pork Muscle 

Sullivan, McCarthy 

Beach 

59 



1.0 

3.2 

Chicken Muscle 

Hopkins, Beach 

Beach 

59 


1.04 

1.3 

3.2 

Chicken Muscle 

Sullivan, McCarthy 

Beach 

59 



0.9 

3.5 

Chicken Myosin 

Folin, Baernstein 

Bailey 

44 

16.6 

1,02 

0.7 

3.2 

Turtle Muscle 

Hopkins, Beach 

; Beach 

59 


1.07 

1.3 

3.0 

Turtle Muscle i 

Sullivan, McCarthy 

Beach 

59 



0.6 

4.1 

Frog Muscle i 

Hopkins, Beach 

Beach 

59 


1.1 

1,3 

3.2 • 

Rabbit-Myogen 

Folin, Baernstein 

Bailey 

44 

16.6 

1.24 

1.9 

2.7 

Rabbit-Myogen j 

Sullivan 

Bailey 

44 

16.6 


1.8 


Rabbit-Myosin 

Folin, Baernstein 

Bailey 

44 

16.7 

1.05 

0.7 

3.3 

Rabbit-Myosin 

Folin, Baernstein 

Sharp 

575 

16.8 


0,7 

3.2 

Dog-Myosin 

Folin, Baernstein 

Bailey 

44 : 

16.6 

, 1.08 

0,8 

3.3 

Rat Muscle ! 

Folin 

Lee 

411 , 


1.0 

1.1 


Mean with 2 XS.^ 

E. 




1.1 

l.liO.l 

3,310.1 
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MUSCLE PROTEINS 

Sulfur Amino Acids in Fi^h and Criustacean Mtiscle Protein* 


Calculated to 16,0 Km. N. 


SOURCE 

* METHOD 

REFERENCE 

NITRO- 

GEN 

8DLFUR 

CYSTINE 

METH- 

IONINE 





per cent 

gm. 

gm. 

gm. 

Cod 

Sullivan, Isolation 

Abderbalden 

24 

13.6 

0.15* 

0.7 

0.4* 

Cod 

Sullivan 

Pottinger 

527 

(16.0) 


1.4 


Cod 

Hopkins, McCarthy 

Beach 

59 


1.19* 

1.2* 

3.7* 

Halibut 

Gaaometric, Baernstein 

Baernstein 

41 

(16.0) 

1.16 

1.9 

4.0 

Halibut 

Sullivan 

Hess 

291 

(16.0) 


0.8 


Halibut 

Sullivan 

Pottinger 

527 

(16.0) 


1.5 


Croaker 

Sullivan 

Pottinger 

627 

(16.0) 


1.2 


Haddock 

Sullivan 

1 Pottinger 

627 

(16.0) 


1.2 


Haddock Meal 

Folin 

Pottinger 

526 



1.1 


Mackeral 

Sullivan 

Pottinger 

527 

(16.0) 


1.3 


Mullet 

Sullivan 

Pottinger 

527 

(16.0) 


1.3 


Menhaden Meal 

Fleming, Calculated 

unpublished 


11.6 

0.9 

1.0 

3 

Red Snapper 

Sullivan ' 

Pottinger 

527 

(16.0) 


1.3 


Salmon 

Sullivan 

Pottinger 

527 

(16.0) 


1.3 


Salmon 

Hopkins, Beach 

Beach 

59 


1.22* 

1.2* 

3.2* 

Shad 

Sullivan 

Pottinger 

527 

(16.0) 


1.2 


Fish-Myosin 

Folin, Baernstein 

Bailey 

44 

18.6 

1,17 

0.9 

3.5 

Fish 

Folin 

Jones 

342 

(16.0) i 


1.3 


Shrimp 

Gasometric, Baernstein 

Baernstein 

41 

(16.0) 

1,25 

1.6 

3.4 

Shrimp 

Sullivan 

Hesa 

291 

(16.0) 


0.9 


Shrimp 

Hopkins, Beach 

Beach 

69 


1.16* 

1.1* 

3.0* 

Shrimp 

Sullivan 

Pottinger 

527 

(16.0) 


1.3 


Lobster 

Fjlin, Baernstein 

Bailey 

44 

16.1 

1.17 

0.9 

3.3 

Mean with 2XS.E. 





1.13 

1.2±.l 

3.4 

* Omitted from mean 








MUSCLE PROTEINS 

The essential similarity in the cystine and methionine 3delded by 
animal, fish, and crustacean muscle proteins is of interest both to 
the comparative biochemist and to the nutritionist. 
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AMINO ACID COMPOSITION 


PLANT PROTEINS 

Sulfur Amino Acids in the Proteins of Autotropic Oreanisms 


Calculated to 16.0 gm. N. 



. .. ^ 





SOURCE 

METHOD 

REFERENCE | 

CTSTINE 

METHIONINB 





gm. 

gm. 

Phormidium 

Schulz, Calculated 

Mazur 

442 

0.0 

3.4 

Ulva 

Schulz, Calculated 

Mazur 

442 

2.7 

0.0 

Laminaria 

Schulz, Calculated 

Mazur 

442 

4.7 

0.0 

SargasBum 

Schulz, Calculated 

Mazur 

442 

4.0 

0.0 

Chondrus (Irish Moss) 

Schulz, Calculated 

Mazur 

442 

2.0 

0.0 

Osmunda (Fern) 

Schulz, Calculated 

Mazur 

442 

0.8 

0.0 

Gloeotrichia 

Schulz, Calculated 

Mazur 

443 

0.0 

24.3 

Macrocystis 

Schulz, Calculated 

Mazur 

443 

0.8 

28.9 

Lessoniopsis | ^ 

Schulz, Calculated 

Mazur 

443 

1.5 

5.8 

Fucus ' : 

Schulz, Calculated 

Mazur 

443 

2.1 

9.4 

Cyatoseira > | ^ 

Schulz, Calculated 

Mazur 

443 1 

3.0 

10.5 

Egregia ^ 

Schulz, Calculated 

Mazur 

443 

0.8 

4.3 

CauJerpa B’ 

Schulz, Calculated 

Mazur 

443 

0.8 

2.7 

Codium * 

Diatoms 

Schulz, Calculated 

Mazur 

443 

0.7 

3.9 

Schulz, Calculated 

Mazur 

443 

0.8 

4.1 

Pteridium (Fern) 

Schulz, Baernstein 

Lugg 

655 

1.6* 

2,8* 


* “Best Values." 


PLANT PROTEINS 

Sulfur Amino Acids in Bidof/icdlly Active Substances 


Calculated to 16,0 gm. N. 


PROTEIN 

METHOD 

REFERENCE 

NITROGEN 

SULFUR 

« 

CYSTINE 





gm. 

gm. 

gm. 

Yellow Enzyme 

Sullivan, Folin i 

Kuhn 

393 

16.3 

0.47 

0.6 

Yellow Enzyme 

Fohn 

Kuhn 

394 

16.3 


0.4 

Cottonseed Allergen 

Sullivan 

Spies 

585 

19.8 

1.86 

3.6 

Cottonseed Allergen 

Sullivan 

Spiea 

585 

20.2 

1.77 

3.9 

Cottonseed AUergen 

Sullivan 

Spies 

585 

11. S 

2.81 

5.9 

Ricin 


Karrer 

355 

(17.0) 


1.0 

Crystalline Wheat 


Balls 

48 

17.4 

4.1 

15.2 

Peptide 








PLANT PROTEINS 

Sulfur Amino Acids in Corn Proteins Other than Zein 


Calculated to 16,0 gm. N. 


PBOTBLN 

method 

REFERENCE 

NITBOaBN 

SULFUR 

CYSTINE 

METH- 

IONINE 




per cent 

gm. 

gm. 

gm. 

Corn, White, whole 

Folin 

unpublished 


1.4 

1.5 


Corn, White, whole 

Sullivan ^ 

Csonka 181 



0.9 


Corn, Yellow, whole 

Folin ; 

unpuhhshed 


1.7 

1.2 


Corn, Yellow, whole 

Sullivan 

Csonka 181 



0.8 


Gluten, White 

Fohn, Calculated ; 

unpublished 

10.9 

1.3 

1.5 

4 

Gluten, White 

Fleming-Vasael 

unpublished 

10.9 


0.7 


Gluten, Yellow 

Folin, Calculated 

unpublisliad 

12.7 

1.5 

1.6 

6 

Gluten, Yellow 

McCarthy 

unpublished 

11.6 



6.5 

Glutelin 

Sullivan 

Csonka 177 

(IG.O) 


0.6 i 


Germ, White 

Folin, Calculated 

unpublished 

11.8 

I.l 

1.1 

3 

Germ, White 

Fleming-Vassel 

unpublished 



0.6 


Germ, Yellow 

Folin, McCarthy 

unpublished 

13.8 

1.0 

1.8 

1.8 

Albumins 

Fohn, Calculated 

unpublished 

12.6 

0.9 

0.5 

2 

Zein Residue 

Folin, McCarthy 

tm published 

10.8 


2.2 

4.8 

Zein Residue 

lileming-Vaasel 

unpublished 

10.8 


1.3 




SULFUR AND SULFUR CONTAINING ACIDS 
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PLANT PROTEINS 
Sulfur Amino Acids in Edestin 


Calculated to 16.0 gm, N. 


Method 

1 

BBFEHENCB 

NTTBOOBN 

auuuB 

CTSTENE 

USTH- 

lONlNE 




per cent 

gm. 1 

gm. 

gm. 

Gasometric 

Baernstein 

39 

(18.6) 


1.5 


Folin 

Baernstein 

39 

(18.6)’ 


1.2 


Momer-Okuda 

Baernstein 

39 

(18.6) 


1.0 


Gasometric, Baernstein 

Baernstein 

41 

(18.6) 

0.85 

1.5 

1.8 

Baernstein-Iodide 

Baernstein 

42 

(18.6) 



2.0 

Baernstein-Titration 

Baernstein 

42 

(18.6) 



1.0 

Baernstein-Iodide 

Baernstein 

42 

(18.6) 



1.2 

Baernstein-Titration 

Baernstein 

42 

(18.6) 



1.2 

Sullivan, Baernstein 

Bailey 

43 

18.4 

0.81 

1.1 

2.0 

Folia 

Bailey 

43 

18.4 


1.2 


Hopkins, Baernstein 

Beach 

65 

17.1 


1.0 

2.3 

Hopkins, Beach 

Beach 

58 

18.5 

0.82 

1.0 

2.0 

Folin 

Folin 

231 ‘ 

(18.6) 


0.7 


Folin 

Folin 

234 

(18.6) 


1.2 


Sullivan 

Gordon 

261 ' 



0.5 


Sullivan 

Hess 

291 1 

(18.6) 


1.1 


Sullivan, Baernstein 

Lugg 

431 

18.5 


1.2 

2.0 

Baernstein 

Lugg 

432 ' 

18.5 ! 


1.3 

2.1 

Folin 

Marenzi 

430 

(18.6) 


1.2 


McCarthy 

McCarthy 

444 ' 

18.4 ' 

' 


2.1 

Brdicka 

Stern 

590 

1 (18.6) 


. 1.0 


Hopkins-Graff 

Stern 

590 ' 

1 (18.6) 

1 

l.O 


Sullivan 

Sullivan 

696 

(18.6) 


1.0 


Folin 

Tompsett 

615 

(18.6) 


1.3 


Fleming-Vasscl • 

Vassel 

641 

(18.6) 


1.0 


Hopkina-Vickery 

Vickery 

652 

(18.6) 


1.1 


Schulz 

■ Zahnd 

695 

(18. G) 


1.1 


Mean with 2XS.E. 




0.83 

1.1L.3 

1.9±.2 


PLANT PROTEINS 
Sulfur Amino Acids in CrZiodin 


Calculated to 16,0 gm. N. 


method 

REFERENCE 

NITROGEN 

SULFUR 

CTSTINH 

METH- 

IONINE 




per cent 

gm. 

gm. 

gm. 

Gasometric, Baernstein 

Baernstein 

41 

(17.7) 

0.9 

2.5 

2.7 

Sullivan, Baernstein 

Bailey 

43 

17.1 

1.12 

2.3 

1.6 

Folin 

Bailey 

43 

17.1 


2.4 


Folin 

, Folin 

231 

(17.1) 

1 

i 2.2 


Folin 

Folin 

234 

(17.1) 


2.1 


Hopkins-Graff 

Graff 

264 



2.1 


Sullivan 

Hess 

291 

(17.1) ! 


2.0 


Folia ' 

Jones 

342 

(17.1) ! 


1.6 1 


Folin 

M arena L 

436 

(17.1) 


2.1 


Sullivan 

Sullivan 

596 

(17.1) 


2.1 


Hopkins 

Vickery 

652 

(17.1) 


1.9 


Mean with 2 XS.E. 




1.0 

2.1±,2 

2.1 
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AMINO ACID COMPOSITION 


PLANT PROTEINS 
Sulfur Amino Acida in Gross Profeins 


Calculated to 16.0 gin. N. 


QRASS 

i METHOD^ 

BEFSREKCE 

NITBOGBN 

SULFUR 

CTSTINB 

METH- 

IONINE 





per cent 

gm. 

gm. 

gm. 

Cocksfoot 

Sullivan* Baernstein 

, Bailey 

43 

13.4 

1.2 

0.2* 


Cocksfoot 

' Sullivan, Baernstcin 

Lugg 

431 

14.1 


2.0 

2.2 

Cocksfoot 

Baernstein 

Lugg 

432 

12.9 


2.1 

2.4 

Cocksfoot 

Sohuls, Baernstein 


433 



2.2 

2.1 

Cocksfoot 

Sullivan 

Pollard 

524 



0.3* 


Canary 

Sullivan, Baernstein 

Lugg 

431 

15.4 


2.0 

i 2.1 

Canary 

Baernstein 

Lugg 

432 

15.4 


2.2 

2.6 

Rye 

Baernstein 

Lugg 

432 

13.5 


2.3 

2,7 

Rye 

Scbuls, Baernstein 

Lugg 

433 



2.1 

2.3 

Rye 

Sullivan 

PoUard 

524 



0.5* : 


Fescue 

Baernstein 

I^ugg 

432 

14.3 


2.2 

2.8 

Lucerne 

Sullivan, Baernstein 

Lugg 

431 

13.9 


1.5 

2.2 

Lucerne 

Baernstein 

Lugg 

432 

14.0 


1.7 

2.2 

Salt-bush 

Sullivan, Baernstein 

Lugg 

431 

12.1 


1.6 

2.6 

Salt-busb 

Baernstein 

Lugg 

432 

12.1 


2.0 

2.6 

Dogtail 

Baernstein 

Lugg 

432 

14.1 


2.3 

2.7 

Mean with 2 

XS.E. 




1.2 

2.0±.l 

2.4±.l 

* Omitted from Mean ' 








PLANT PROTEINS 
Sulfur Amino Acids in Leaf PT<Aeine 


Calculated to 16.0 gm. N. 


SOURCE 

1 

UETHOD 

REFERENCE 

NITROGEN 

auLPUR 

CTSTINB 

METH- 

IONINE 




per cent 

gm. 

gm. 

gm. 

Alfalfa 

FoUn 

unpublished 

10.6 

1.3 

1.4 


Clover-white 

Baernstein 

Lugg 432 

13.1 


1.7 

2.3 

Clover-red 

Baernstein 

Lugg 432 

12.8 


1.7 

2.2 

Clover-red 

Sullivan 

Pollard 524 

! 


0.2* 1 


Runner bean 

Baernstein 

Lugg 432 

13.3 


1.8 

2.1 

'Turnip tops 

Baernsteiti 

Lugg 432 

13.0 


1.9 

2.8 

Beet tops 

Baernstein 

Lugg 433 



2.0 

2.0 

Mean with 2 X 

S.E. 




1.8± .2 

2.3± .3 

* Omitted from mean 








SULFUR AND SULFUR CONTAINING ACIDS 
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PLANT PROTEINS 

Sulfur Amino Acids in Miscellaneous Plant Proteins 


Calculated to IG.O gm. N. 


BOURCB 

METHOD 

asFERENcns 

NlT&b- 

GBN 

8UL- 

FtTR 

CT&- 

TINE 

METH- 

lONINS 




per cent 

gm. 

gm. 

gm. 

Cottonseed Globulin 

Baernatein 

Fontaine 238 

17.2 

0.70 

l.l 

2.3 

Cottonseed Globulin 

Folin 

Jones 342 

(17.2) 


1.0 


Cottonseed Globulin 

Schulx 

Zahnd 695 

(17.2) 


1.0 


Cottonseed Meal 

Folin, McCarthy 

unpublished 

10.9 


2.0 

1.6 

Linseed Meal 

Folin, Calculated 

unpublished 


1.1 

1.9 

3 

Peanut Meal 

Folin, McCarthy 

unpublished 

10.4 


1.6 

0.9 

Arachin 

Gaaometric, Baernatein 

Baernstein 41 

(18.0) 

0.37 

1.2 

0.5 

Arachin 

Hopkins, Beach 

Beach 58 

17.7 

0.43 

0.8 

0.5 

Arachin 

Bacrnstein 

Bennett 63 

(18.0) 



0.7 

Arachin 

Folin 

unpublished 

17.0 


0.9 


Arachin 

Baernstein 

Brown 133 

18.0 

0.46 

1.3 

0.6 

Arachin 

Hopkins-Graff 

Graff 264 



0.8 


Arachin 

Sullivan 

Hess 291 

(18.0) 


1.2 


Arachin 

Sullivan, McCarthy 

Hess 295 

(18.0) 


1.1 

0.4 

Arachin 

Folin 

Jones 342 

(18.0) 


l.O 


Arachin 

Sullivan 

Sullivan 596 

(18.0) 


0.8 


Arachin 

Mean with 2XS.E. ' 



^ 0.42 

1.0± .2 

0,5 

Conarachin 

Baernstein 

Brown 133 

18.0 

^.08 

2.6 

1.9 

Conarachin 

Folin 

Jones 342 

; (18.0) 


2.7 


Soybean Raw 

McCarthy-SuUivan 

Almquist 29 




1.9 

Soybean Meal 

McCarthy-Sullivan 

Almguist 29 




2.0 

Soybean Meal 

Folia, McCarthy 

unpublished 



1.3 

1.6 

Soybean Meal 

Sullivan 

Hamilton 277 



0.6* ^ 


Soybean M eel 

Sullivan 

Hamilton 257 



1.4»> 


Flaxseed Meal 

Folin, McCarthy 

unpublished 



1.9 

2.3 

Glycinin 

Gasometric, Baernstein 

Baernstein 41 

(17.5) 

0.77 

1.5 

1.7 

Glydnin 

Folin 

Jones 342 

(17.6) 


1.1 


Hordein 

Gasometric, Baernstein 

Baernstein 41 

(17.2) 

0.84 

1.6 

2.1 

Rubber Latex 

Baernstein 

Tristram 620 

15.0 


1.0 

1.1 

Rice-Glutelln 

Sullivan 

Caonka 177 



1.2 


Rice- Bran 

Sullivan 

Kik 364 



1.0 


Rice 'Whole 

Sullivan 

Kik 364 



l.S" 


Rice-Cereal 

McCarthy-Sullivan 

unpublished 




3.1 

Oats- Whole 

Sullivan 

Csonka 182 



0.7 


Oats-Cereal 

Fleming, McCarthy 

unpublished 



1.8 

2.3 

“ Ohio 13-177 lowest 

of a number of samples anf 

ilyzed 





*' Manaoy highest of s 

i number of samples analyzed 





° Average of 7 samples which varied from 1.1 to 1.5 per cent of cystine. 
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AMINO ACID COMPOSITION 


PLANT PROTEINS 
Sulfur Amino Acids in 7tru$eg 


Calc ulated to 16.0 gm. N. 


FBOTEIN 

MBTBO^ 

befebxmcb 

NITROGEN 

CYSTtNB 

HTDBOnTSia 




gm. 

gm. 


Tobacco Mosaic*^ 

Sullivan 

Bess 294 

(16.0) 

0.5 

HCl 

Tobacco Mosaic 

Sullivan 

Hess 294 

(16.0) 

0.5 

HCl-HCOOH 

Tobacco Mosaic 

Sullivan 

Hess 294 

(16.0) 

0.7 

HiSOi under N 

Tobacco Mosaic 

Sullivan 

Hess 204 

(16.0) 

0.6 

HCl-TiCl» 

Tobacco Mosaic ' 

Sullivan 

Hess 294 

(16.0) 

0.7 

HI 

Tobacco Mosaic 

Sullivan 

Hess 294 

(16.0) 

0.7* 

HI-HCOOH 

Tobacco Mosaic 

Sullivan 

Ross 555 

15.9 

0.5 

HCl and/or HCOOH 

Tobacco Mosaic 

Folin 

Ross 555 

15.9 

0.3 

HCI and/or HCOOH 

Tobacco Mosaic* 

Baernstein 

Roes 555 

15.9 

0.7* 


■ Methionine 0.0? 






° Sulfur 0.24 per cent 





♦ Best value 







PLANT PROTEINS 

Sulfur Amino Acids in Whtal Proteins other than GHadln 


Calculated to 16.0 gni. N, 


SOURCE 

METHOD 

REFERENCE 

NITROGEN : 

1 SULFUR 

CYSTINE : 

METH- 

IONINE 




per cent 

gm. 

gm. 

gm. 

Wheat-Hard 

Sullivan 

Csonka 179 



1.3 


Wheat-Hard 

Sullivan 

Csonka 179 


i 

1.1 


Wheat-Soft 

Sullivan 

^ Csonka 179 



I.l 


Wlieat-Whole 

Folin 

unpublished 


1.4 

1.8 


Wheat-Whole 

FI emin g-Vasse 1 

unpublished 



1.0 


Flour 

Folin, Calculated i 

unpublished 

12.8 

1.1 

1.9 

3 

Flour-Hard 

Sullivan 

Csonka 180 



1.6 


Flour-Hard 

Sullivan 

Csonka 180 



1.7 


Gluten 

Sullivan 

Padoa 608 

? 


1.4 

[ 

Giutelin 

Sullivan 

Csonka 177 

(16.0) 


: 1-3 


Glutenin 

Folin 

Jones 342 

(16.0) 


: 1.6 


Glutenin 

Folin 

Marenzi 436 

(16.0) 


0.7 


Germ 

Folin, Calculated 

unpublished 


0.5 

0.8 

2 

Germ 

Fleming-Vassel 

unpublished 



0.4 


Bran 

Sullivan 

Csonka 180 



0.5 


Bran-Albumin 

Folin 

Jones 342 

(16.0) 


3.3 


Bran-Globulin 

Sullivan 

Sullivan 596 

(16.0) 


0.5 


Shorts 

Sullivan 

Csonka 180 



0.6 




SULFUR AND SULFUR CONTAINING ACIDS 
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PLANT PROTEINS 

Sulfur Amino Acids in Yeast PToteins 


Calculated to 16.0 gm. N. 


aoURCB 

METHOD 

aSFERENCB 

NITROGEN 

SULFUR 

ctsthte 

METH- 

IONINE 


- 


per cent ' 

gm. i 

gm. 

gm. 

Brewer’a 

Folin, Calculated 

unpuhliahed 

9.7 

0.8 

1.0 

2 

Brewer’s 

Folin 

unpublished 

9.7 


1.5 


Brewer’s 

FoUn, Calculated 

unpublished 

14.4 

0.7 

2.2 

1-2 

Brewer’s 

Folin, Calculated 

unpublished 


0.9 

1.4 

2 

Brewer’s 

Folin 

unpublished 


! 

1.5 


Brewer's 

Folin, Calculated 

unpublished 


0.8 

0.8 

2-3 

Brewer’s 

Sullivan 

Csonka 178 


0.6 

0.5 


Brewer's 

Sullivan 

Prunty 530 

(8.0) 


1.8 


Brewer's 

Sullivan 

Prunty 630 

(8.0) 1 


1.8 


Baker’s 

Folin, Calculated 

unpublished 


0.9 

0.7 


Baker’s 

Sullivan 

Csonka 178 


0.8 

0.7 

3 

Baker's 

Sullivan 

Prunty 530 

(8.0) 


1.3 


Steep Water 

Folin, Calculated 

unpublished 

j 

1.3 

2.2 

3 

Mean with 2 X 

S.E. 










0.9 

1.3±.3 

2-3 


PLANT PROTEINS 
Sulfur A&uno Acids in Zein 


Calculated to 16,0 gm, N. 


METHOD t 

REFERENCE 

NITROGEN 

SULFUR 

CTBTEME 

METH- 

IONINE 




per cent 

gm. 

gm. 

gm. 

Baernstein-Iodide 

Baemstein 

42 

(16.1) 



2.5 

Baernstein-Titration 

Baemstein 

42 

(16.1) 



2.4 


Blumenthal 

111 

1 (16.1) 

0.52 



Folin 

Folin 

231 

(16.1) 


0.5 


Folin 

Folin 

234 

(16.1) 


1.0 


Sullivan 

Hess 

291 

(16.1) 


0.9 


Folin 

Jones 

342 

: (16,1) 


0.9 


Brdicka 

Laine 

398 

1 (16.1) 


0.8 


Sullivan 

Sullivan 

598 

(16,1) 


0.8 


Hopkins 

Vickery 

652 

(16.1) 


0,9 


Baemstein 

Virtanen 

663 

14.5 



2.2 

Schuls 

Zahnd 

695 

(16.1) 


0.8 


Average 




0. 5-0.6 

0.8 

2.4 


PLANT PROTEINS 

Autotropic Organisms: The apparent absence of methionine, 
calculated to be sure from the noncystine organic sulfur, from the 
total tissue proteins of certain marine organisms, is even less sur- 
prising than the exceedingly high values reported for this amino 
acid in other autotropic organisms. (In contrast cf. 433 A.) 

Biologically Active Substances: The presence of 15 per cent of 
cystine in a protein or polypeptide from wheat bran is of interest 
when one recalls the large quantity of this amino acid usually 
present in eukeratins. 



198 


AMINO ACID COMPOSITION 


Corn Proteins: The relatively large quantities of methionine in 
corn gluten has not been generally recognized and may be an impor- 
tant factor in its vahie as a feedstuff. 

Grass and Leaf Proteins: The similarity in cystine and methi- 
onine content of all the grass and leaf proteins analyzed so far is in 
marked contrast to the large differences claimed to be present in 
the autotropic organisms. However, Lugg finds the autotropic 
plants similar in amino acid composition to the higher plants. 

Peanut Proteins: These are unusually low in methionine, a fact 
long indicated by the analyses of arachin by Baernstein and the 
feeding experiments of Beach. 

Soybean Proteins: Variations of over 100 per cent in the cystine 
content of different varieties of soybeans are of special interest in 
view of the widespread tendency to use soybeans, irrespective of 
amino acid content, as ‘'meat substitutes.” 

Wheat Proteins: Wheat gluten does not appear to be as well sup- 
plied with methionine as corn gluten, although further studies are 
necessary. The relatively high cystine content in bran albumin re- 
ported by Jones is interesting in the light of Balls’ recent isolation of 
a polypeptide from wheat bran which contains 15 per cent of cystine. 

TISSUE PROTEINS ‘ 

Sulfur Amino Acids in Animal Tmue Proteins 


Calculated to 16,0 gm. N, 


TISSUE 

METHOD 

HEFERENCE 

NITROGEN 

SULFUR 

CYSTINE 

METH- 

IONINE 




per cent 

fcm. 

em. 

gm. 

Eidney*Human 

Folin 

Block 105 

13.3 


1.6 


Kidney-Rat 

Folin 

Lee 411 


1.1 

1.8 


Kidney-Beef 

Folin, Calculated 

unpublished 

15.6 

1.0 

1.5 

2.8 

Kidney-Beef 

Sullivan, Beach' 

Beach 60 


1.1 

1.2 

2.7 

Spleen-Becf 

Folin, Calculated 

unpublished 

15.7 

0.9 

1.3 

2.6 

Thymus-Beef 

Folin, Calculated 

unpublished 

15.4 

0.8 

1.1 

2.4 

Intestine-Beef 

Folin, Calculated 

unpublished 

15.4 

0.8 

1.2 

2.2 

Lung-Beef 

Folin, Calculated 

unpublished 

15.3 

0.9 

1.4 

2.5 

Lung-Beef 

Hopkins, McCarthy 

Beach 59 


1,0 

1.5 

2.5 

Heart-Beef 

Folin, Calculated 

unpublished 

14.8 

1.1 

1.2 

3.6 

Heart-Beef 

Sullivan, McCarthy 

Beach 59 


1.1 

1.2 

3.2 

Bladder-Beef 

Folin, Calculated 

unpublished 

15.9 

0.9 

1.1 

2.8 

Pancreas-Beef 

Folin, Calculated 

unpublished 

15.6 

0.9 

1.5 

2,3 

Ovaries-Beef 

Folin, Calculated 

unpublished 

15.8 

1.0 i 

1.2 

3.2 

Testes-Beef 

Folin, Calculated 

unpublished 

15.4 

0.9 

1.2 

2.7 

Salivary-Beef 

Folin, Calculated 

unpublished 

16.7 

0.9 

0.9 

3.1 

Adrenals-Beef 

Folin 

unpublished 

15.8 


1.7 


Stomach-Beef 

Hopkins, Beach 

Beach 59 


1.0 

1.0 

2.0 

Pooled tissue, M) 

Ban with 2 XS>E. 



0.9±.l 

1.3±.l 
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TISSUE PROTEINS 

Animal tissue proteins, exclusive of supporting, connective, or 
protective tissues, appear to have from one to one and a half per 
cent of cystine and approximately 3 per cent of methionine. 



CHAPTER IV 


THE ^-HYDROXY AMINO ACIDS 

SERINE AND THREONINE 



Serine 

Threonine 

Empirical Formula 

C 3 H 7 O 3 N 

C^H^OjN 

Optical Form 

1 

d 

Molecular Weight 

105.06 

119.08 

Carbon 

34.27 

40.31 

Hydrogen 

6.72 

7.62 

Nitrogen 

13.33 

11.74 

Oxygen 

45.68 

40.31 

Melting Point 

228“ (decomp.) 

251-3° (cor.) 


PART I 
HYDROLYSIS 

S ERINE and threonine, like cysteine, are readily destroyed by 
boiling with dilute alkalies, but appear to be quite stable to 
hydrolysis with dilute acids, even in the presence of carbohy- 
drates. However, Borchers, Totter, and Berg (115) found that long 
heating and high concentrations of sulfuric acid would also result 
in destruction of threonine. Our own experience has suggested that 
the quantity of threonine found in a protein hydrolysate is some- 
what dependent on the time and temperature of hydrolysis. This 
observation requires further study. 

Nicolet, Shinn and Saidel (479) have reported that the phos- 
phorylated serine groups in casein, vitellin, etc., undergo destruc- 
tion during acid hydrolysis. They, therefore, suggest warming the 
phosphoprotein at 37° for 24 hours with an excess of 0.25 N NaOH 
to liberate the phosphoric acid groups and then hydrolyze with acid 
as usual. “To serine as determined in this hydrolysate is added a 
(small) correction for non-phosphorylated serine destroyed by al- 
kali, and one molecular equivalent for all phosphate liberated.” 
This correction results in considerably higher serine values than 
would be obtained directly. Thus, vitellin (N = 15.26 per cent) 
yielded 7.70 per cent serine, uncorrected, 9.0 per cent corrected, 
while casein (N = 15.80 per cent) gave 5.5 per cent of serine, corrected 
7.4 per cent. 
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Even though these procedures may not yield the absolute quan- 
tities of threonine and serine present in the intact protein due to 
hydrolytic losses arid to the possibility of incomplete oxidation; 
“The results/’ say Martin and Synge (438), “are at, least, of com- 
parative significance, and set lower limits to the amounts of the 
amino-acids in question that are present.” 



chXpter IV 


PART II 

THE DETERMINATION OF THREONINE 

Historical: In 1939, Block and Bolling (99, 100) showed that of 
all the amino acids commonly occurring in a protein hydrolysate, 
threonine alone yielded acetaldehyde and in the expected (calcu- 
lated) amount. The following reaction mechanism, according to 
Criegee, Kraft, and Rank (173), was suggested: 

I I ' I 

-C-OH -C-0-Pb(CH3C00)3 -C-0\ 

I +Pb(CH3C00)4-> I I >Pb(CH3C00)2 

-C-OH -C-OH -C-0/ 

—c = 0 + — c = o+Pb(cri3COO)2 

The acetaldehyde thus formed was determined by aerating 
it into p-hydroxydiphenyl in concentrated H 2 SO 4 according to 
Eegriwe (206) j The high degree of specificity for CH3CHO of this 
reagent has been shown by Miller and Muntz (450) and by Barker 
and Summerson (49). 

1. Oxidation to Acetaldehyde with Specific Oxidants 

A. The Lead Tetraacetate Method of Block and Bolling (99, 100) 

Principle: Threonine is oxidized by lead tetraacetate to yield 
acetaldehyde which is aerated into concentrated H 2 SO 4 containing 
p-hydroxydiphenyL A stable red-purple colored compound is 
formed. 

Reagents: Lead Tetraacetate (Fieser, 218). Mechanically stir a 
mixture of 500 ml. of glacial acetic acid and 400 ml. of acetic an- 
hydride. Warm to 55“ and add 050 gm. of powdered, dried Pb 304 
(red lead) in 20 gm. portions. Wait for the red color to disappear 
before adding the next portion. Maintain the temperature between 
50“ and 80°C. Cool the reaction mixture, filter and wash the lead 
tetraacetate. Recrystallize the moist salt from boiling acetic acid 
which is ‘‘dried” by the addition of a small quantity of acetic an- 
hydride. Yield 350 gm. 

Lead Tetraacetate (Oesper and Deasy, 481). Mechanically stir 
600 ml. of glacial acetic acid and 150 ml. of acetic anhydride at 
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65°. Bubble a steam of chlorine gas through the mixture. Then add 
120 gm. of PbaOi, which has previously been dried at 150° for 1 to 
2 hours, in five equal portions, waiting between each portion for the 
red color to disappe^tr. Maiptain the temperature between 65° and 
80°. Decant the hot solution through a heated filter and then cool 
the filtrate. Remove and wash the lead tetraacetate with acetic 
acid-acetic anhydride. This material should be 90 per cent 
Pb(CH3COO)4. 

Reextract the original residue with warm (70-80°) glacial acetic 
acid to obtain a second crop. 

Pb304+8CH3COOH^Pb(CH3COO)4+2Pb(CH3COO)2+4HiO 

2Pb(CH3C00)2+Cl2->Pb(CH3€00)4+PbCl2 

p-Hydroxydiphenyl (Miller and Muntz, 450). Dissolve commer- 
cial p-hydroxydiphenyl in hot purified acetone and crystallize it 
out from the cold solution by the addition of water. Repeat this 
process. Crystallize the compound a third time from the minimum 
quantity of hot, acetone without the addition of water. Dry the 
p-hydroxydiphenyl at room temperature in a dark place protected 
from dust. 

Glacial Acetic Acid. Purify by refluxing for 7 hours with 0.5 to 
1.0 per cent of K2Cr207, and then distilling in an all glass apparatus. 

Apparatus: Six 20X2,5 cm. Pyrex test tubes, connected with 
short lengths of pressure tubing, are arranged in series with inlet 
and outlet tubes according to the usual gas adsorption train and 
with 29/42 interchangeable ground glass joints. 

Tube 1 contains 20 ml. of concentrated H2SO4 to wash and dry 
the incoming air. 

Tube 2 is empty. 

Tube 3, the oxidizing tube, contains 25 ml. of purified glacial 
acetic acid, less than 10 mg. of amino acid solution, and 1 gm. of 
lead tetraacetate. The oxidizing tube is maintained at 30°C. 

Tube 4 is empty, but is kept in a 4° bath to condense the acetic 
acid vapors. 

Tube 5 contains pellets of NaOH to trap any residual acetic acid. 

Tube 6, the color tube, which contains 15 ml. of concentrated 
H2SO4 and 50 to 100 mg. of purified p-hydroxydiphenyl, is kept in 
an ice bath at 0° throughout the aeration. 

Method: 1. Hydrolysis. 10 to 15 mg. of protein are hydrolyzed 
with 8 N H2SO4 under reflux in an oil bath at 115 to 125° over night. 
No caprylic alcohol should be used. The neutralized hydrolysate 
is evaporated to a thin syrup either in vacuo or on the steam bath 
to remove any trace of alcohol, or other volatile substances which 
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would yield CH3CHO. The residue is dissolved in water or in puri- 
fied glacial acetic acid. 1 

2. Oxidation. An aliquot of the solution, which contains 0.5 to 
1.0 mg. of protein, is pipetted into Tube 3 and the oxidation is al- 
lowed to take place at 30° for 1 hour, the CH3CHO is aerated 
through Tubes 4 and 5 into Tube 6 at a fairly rapid rate. It is ad- 
visable to use a gas flowmeter on the intake side so that, once 
standard conditions have been established, the conditions of aera- 
tion can be kept approximately constant. 

3. Color Development. At the end of the aeration, the color tube, 

which still contains considerable undissolved p-hydroxydiphenyl, 
is placed in a boiling water bath for exactly 2 minutes, in order to 
dissolve the excess hydroxydiphenyl, and then cooled in an ice 
bath. An alternate procedure is to transfer the contents of Tube 6 
into a reading tube and allow the p-hydroxydiphenyl to rise to the 
top so that the clear solution can be read in the usual photoelectric 
colorimeter, light filter 560 mu. ^ 

Calibration curves over the range 0.03 to 0.07 mg. of threonine 
should be prepared. 

Comment: Because maximum color will not be formed if the rate 
of aeration is e^ither too fast or too slow, it is advisable to connect 
two series of tubes to permit the determinations of acetaldehyde 
yielded by the protein and by a threonine standard under closely 
comparable conditions. The order of the unknown and standard 
solutions should be reversed in the train with each successive run. 

The color is very stable, lasting at least 24 hours. The method 
permits the determination of as httle as 0.004 mg. of threonine. 
Both threonine and lactic acid yield the calculated quantities of 
CH3CHO, identified as the dinitrophenylhydrazone (M.P. 150- 
161°, Bial and Weiss, 74). 

Borchers, Totter and Berg (115) confirmed the finding of Block 
and Bolling (100) that d(-)threonine yields 100 per cent of the ex- 
pected amount of acetaldehyde, but they found that alio threonine 
yielded only approximately one half of that expected. They also 
found that alanine yielded 2 per cent of the theoretical quantity 
of CH3CHO. 

Borchers, Totter and Berg (115) reported that the tetraacetate 
method could be carried out with an accuracy of less than 5 per 
cent, but they point out that it is too finicky for casual application. 

B, The Periodate Method of Shinn and Nicolet (578) 

Principle: Like lead tetraacetate, periodic acid will oxidize 
1,2 diglycols and related compounds to yield the corresponding 
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aldehydes (Malaprade, 435). Thus threonine yields CHjCHO and 
serine HCHO. Shinn and Nicolet (578) did not attempt to use a 
specific method for the determination of acetaldehyde, but made 
the crucial observation that in the presence of excess amino groups, 
the HCHO formed from serine, is completely retained in the oxidiz- 
ing mixture and only CHgCHO is aerated into bisulfite. 

Apparatus: A three tube gas adsorption train similar to that de- 
scribed in A. 

Reagents: 0.1 N Sodium Arsenite, Na2HAs03, should contain 20 
gm. of NaHCOg per liter. 

0.5 M Periodic Acid, HJOe. 

2 per cent Sodium Bisulfite, NaHSOs containing 19 gm. of meta- 
bisulfite per liter. 

0.1 N Iodine: 13 gm. of I2 and 30 gm. of KI are dissolved in 250 
ml. of water and the solution is diluted to 1 liter. This solution is 
standardized with 0.1 n NasSaOg (24.82 gm, of Na2S203‘5H20 per 
liter). 

1 per cent starch in water. 

CHCI3 must not be used as a preservative. 

Method: 1. Hydrolysis. A small sample of protein is hydrolyzed 
with 1 : 1 HCl for 24 hours. The excess acid is neuti;alized and the 
solution is diluted to volume. 

2. Oxidation. An aliquot of the hydrolysate containing 3 to 10 
mg. of threonine in 5 inl. of solution is placed in Tube 1 together 
with 1 drop of Nujol, 5 ml. of m NaHCOg and 10 ml. of Na2As03 
solution. The tubes are connected with a CO2 supply and the gas 
is passed in to mix the contents. Then 1 to 2 ml. of 0.5 M HtlOe are 
added, and the CH3CHO is aerated into the two receiving tubes, the 
first of which contains 5 ml. and the second 3 ml. of 2 per cent 
NallSOs, diluted in each case to 25 ml. The aeration is continued 
for 1 hour at the rate of 1 liter of gas per minute. The oxidizing 
solution is set aside for the determination of serine (c/. Part III, 
Section A of this chapter), 

3. Determination. The contents of Tubes 2 and 3 are mixed and 
the CH3CHO is determined by titration according to Peters and 
Van Slyke (516). 

The free NaHSOg is removed with 0.1 n iodine using 1 ml. of 
starch solution as the internal indicator. The excess I2 is removed 
with 1 drop of 0.1 N Na2S203, then 0.002 N iodine is added carefully 
to the point where 1 drop produces a faint color, but not blue. 

The combined NaHSOg is then liberated by the addition of a 
small amount of saturated NaHCOs or NagHPOi (Winnick, 683) 
and the free NaHSOj is titrated with 0.02 n iodine. The end point 
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is tested with a little NaHSOs. The blue color should remain 15 
seconds or longer. 

1 ml. of 0.02 N I2-I.I9 mg. of threonine, 

I 

Comment: Borchers, Totter and Berg (115) found that d(-) threo- 
nine, on periodate oxidation, yielded 96 per cent of the expected 
quantity of acetaldehyde while Martin and Synge (438) reported 
that the natural amino acid yielded only approximately 70 per cent 
of the theoretical quantity. The latter investigators agreed with 
the former, that periodate oxidation of synthetic dZ-threonine gave 
100 per cent of the calculated amount of acetaldehyde. 

Martin and Synge (438) recommend that the protein hydrolysate 
be concentrated twice in vacuo to remove alcohol, etc. 

Nicolet (478) has changed the above method to permit the deter- 
mination of threonine in the presence of sugars, including methyl- 
pentoses. The oxidation is modified by adding the HIO4 before 
rather than after the introduction of the arsenite. One aliquot of 
the hydrolysate is made alkaline to litmus with NaHCOs and an ex- 
cess of NaHCOs is added to neutralize the acetic acid. Then 3 
mols of acetic anhydride, calculated from the nitrogen of the ali- 
quot, in 5 to 10 volumes of benzene, are added with stirring, in 3 
equal portionSj The benzene is removed by aeration. Threonine is 
calculated from the difference in total CH3CHO and that found 
after acetylation. 

C. WinnicFs Microadaptation of the Shinn Method (685) 

Apparatus: Conway microdiffusion cups (169, 170, 276). 

Method: 1. Hydrolysis. 500 mg. of protein are hydrolyzed with 
20 ml. of 3 N HCl for 24 hours. The hydrolysate is neutralized to 
pH 7.0 and diluted so that 2 ipl* contains approximately 0.2 to 0.5 
mg. of threonine. 

2. Oxidation and Diffusion. 1.5 ml. of 0.25 m NaHSOs are placed 
in the central chamber of the Conway cup (169). In the outer 
chamber, 3 ml. of unknown, 1 ml. of 0.1 m K3PO4 (1 ml. of K3PO4 
should neutralize 1 ml. of 0.2 m HIO4 to pn 7.0), and 1 ml. of 0.2 
M HIO4 are introduced in order. The vessel is covered, rotated to 
mix the solutions, and the oxidation and diffusion are allowed to 
take place at room temperature for 4 to 5 hours. 

3. Determination, A drop of starch solution is added to the inner 
chamber and the free NaHSOa is removed with n iodine to a per- 
manent light purple color. If the end point is passed, the solution is 
decolorized with a drop of NaHSOa and the proper quantity of 
iodine is added. 
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The bound NaHSOs is then liberated by stirring in 200 to 400 
mg. of powdered Na2HP04. The freed NaHSO? is titrated with 
0.005 N iodine (c/. 683, 684, 685). 

1 ml. of b.005 N ’12 00.298 mg. of threonine. 

D. The Periodaie-p-Hy dr oxy diphenyl Method 
{Block and Bollingj 104) 

Apparatus: Two groups of three 20X2.5 cm. Pyrex test tubes 
connected in series as gas washing trains, are used. 

The first tube in ^ch series contains 20 ml, of concentrated 
H2SO4 or 2 per cent NaHSOa to wash the incoming air. The second 
tube is for oxidizing and the third tube contains 15 ml. of concen- 
trated H2SO4 and approximately 100 mg. of purified p-hydroxydi- 
phenyl (c/. A). 

Method: An aliquot of the neutralized protein hydrolysate (c/. 
Section A, Method) containing 0.03 to 0.06 mg. of threonine is 
pipetted into Tube 2 and 20 ml. of a saturated solution of NalOi 
in dilute borate buffer of pn 8.0 are added. A fairly moderate stream 
of air, controlled with a flowmeter, is used to aerate the acetaldehyde 
into Tube 3. 

A standard solution of threonine is oxidized simultaneously in 
the companion gas train. " 

The remainder of the determination is carried out as given in 
Section A. 

Comment: The periodate mixtures of Shinn and Nicolet (578) 
and of Winnick (685) can be used in place of the one suggested 
above. 

The use of periodate in place of lead tetraacetate is more con- 
venient in almost every respect and is to be recommended except 
for special purposes. 

It should be noted that the p-hydroxydiphenyl method requires 
approximately 0.03 mg. of threonine, the Conway vessel modifica- 
tion needs 0.3 mg. of threonine, and the titration procedure, 3 mg. 
of the amino acid per determination. 



CHAPTER l^V 
PART III 

THE DETERMINATION OF SERINE 

Historical: Although serine was first discovered by direct crystal- 
lization from a sericin hydrolysate, and later isolated from a num- 
ber of proteins by the Fischer ester hydrochloride method, the 
first simple and reliable procedure for the determination of serine 
in protein hydrolysates is that described by Nicolet and Shinn (476) 
in 1941. 

1. Oxidation to Formaldehyde by Specific Oxidizing 
Reagents 

A, The Periodate Procedure of Nicolet and SMnn (476) 

Principle: The protein hydrolysate is oxidized in neutral or 
dilute alkaline solution with periodic acid. Acetaldehyde, which is 
formed from t^ie threonine present, is removed by aeration. The 
formaldehyde resulting from serine, is retained in solution by the 
amino groups of other amino acids. After the oxidation is complete 
and the CH3CHO has been removed, the HCHO is liberated with 
acid and precipitated with 5,5-dimethyldihydroresorcinol (Vor- 
lander, 666). 

Method: 1. Hydrolysis. 2 to 5 gm. of protein are hydrolyzed for 
24 hours with 20 per cent HCl. The excess acid is removed by re- 
peated concentration in vacuo and the hydrolysate is decolorized 
with a small amount of activated carbon. 

2. Oxidation and Removal of CH3CHO: An aliquot of the hy- 
drolysate, containing 10 to 20 mg. of serine, is oxidized in dilute 
alkaline solution with HIO4 (c/. Part II, Section B, this chapter) 
using a gas adsorption train of three tubes, one oxidation tube and 
two tubes containing dilute bisulfite to retain the CH3CHO. 

If a second set of tubes is connected in series, each set should be 
separated by a gas washing tube containing NaHCOs. 

3. Precipitation. After one hour^s aeration, the formaldehyde 
containing solution is transferred to a 300 ml. Erlenmeyer flask and 
1-2 drops of methyl red are added. The pH of the solution is then 
carefully adjusted with acetic acid until the color of the solution 
changes from yellow to a faint red. An excess of 0.4 per cent aque- 
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ous dimedon (5,5‘‘diinethyldihydroresorcinol) is then added and 
the precipitate is allowed to form at room temperature for 48 to 
72 hours. The precipitate is filtered# on a No. 4 sintered glass fun- 
nel, washed thorou^ly witlj cold dimedon and dried in vacuo. 

1 mg. of Methylenedimethyldihydroresorcmolo0,3596 mg. of 
Serine, 

M.P. 189^^ (corrected) (Vorlander, 666) 

Comment: The modified procedure described by Nicolet (478) 
for the determination of threonine in the presence of certain sugars 
is equally applicable to the determination of serine in such mix- 
tures (c/. Part II, Section B, Comment), 

Other substances, such as certain carbohydrates and hydroxy- 
lysine, which yield HCHO on periodate oxidation, would of 
course lead to erroneous values. However, if extraneous formalde- 
hyde is corrected for by Nicolet's acetylation procedure (478), the 
error due to hydroxylysine is usually small except in the case of 
collagen and gelatin. 

Martin and Synge (438) criticized this procedure as follows, “the 
dimedon method seems valueless for determining serine, etc. in 
complete protein hydrolysates . . . The authors^ experience has 
not justified this severe criticism. 

B. Boyd^s Micromodification of the Nicolet-Shinn Method 
(119, 120) 

Principle: The formaldehyde formed by periodate oxidation of 
serine is distilled into Eegriwe^s l,8-dihydroxynaphthalene-3,5- 
disulfonic acid reagent to yield a colored compound. 

Reagents: 0.5 m HI 04:11.4 gm. of HI04'2H20 are dissolved in 
water and the solution is diluted to 100 ml. 

Methyl red: a saturated solution in 0.05 n HCl is prepared. 

Formaldehyde Standard. 100 gm. of paraldehyde in 100 ml. of 
HsO are hydrolyzed with 20 ml, of 2 n H2SO4 at 90° until no pre- 
cipitate remains. The HCHO is then steam distilled and the dis- 
tillate is returned to the original flask and redistilled after adding 
10 ml. of 2 N H2SO4. The stock HCHO solution thus obtained should 
be approximately 6 m. If 1 ml. of 2 n H2SO4 per liter is added to the 
stock solution no perceptible change in the concentration of HCHO 
takes place over a period of one month. 

The HCHO is standardized as follows: An aliquot (0.2 to 0.3 
ml.) is added to 20 ml. of 0.12 n KCN. To this 25 ml. of 0.100 
N AgNOj and 3 ml. of HNO3 are added. The solution is diluted to 
100 ml., filtered, and 75 ml. of the filtrate are titrated with 0.1 
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N NH 4 SCN usings ml. of saturated Fe 2 (S 04 ) 3 -(NH 4 ) 2 S 04 solution 
to detect the end point. The I^CN solution is standardized by the 
same procedure except that HCHO is omitted. ^ 

The standard is then diluted to contain 157 per ml. This working 
standard is prepared fresh daily. 

Chromotropic Acid, l,8-dihydroxynaphthalene“3,6-disulfonic 
acid, is purified as follows: 25 gm. are dissolved in 100 ml, of hot 
water. 2 gm. of PbCOg are added and after solution has occurred, 
the Pb is removed by H 2 S. If the supernatant hquid is not a pale 
yellow, more PbCOs should be added. The PbS is removed by cen- 
trifugation -without contact with air. The chromotropic acid is 
crystallized out at 4° and the precipitate is washed with alcohol 
and ether and dried in vacuo, 

0.1 M Chromotropic Acid: 0.9 gm. are dissolved in 25 ml. of H 2 O. 
50 mg. of SnCb are added and after shaking, the precipitate is re- 
moved by centrifuging. The solution is prepared fresh every 48 
hours. 

Procedure: 1. Oxidation. 4 ml. of 25 per cent KASO 2 and 3 drops 
of methyl red are introduced into a 300 ml. Kjeldahl flask. The 
neutralized serine solution (containing 1 to 5 mg. of serine) is now 
added, follo^ve4 by 2.5 to 2.8 ml. of 0.5 M HIO4. The addition of 
HIO4 is stopped when the mixture is acid to methyl red. The 
HIO4 should be added dropwise with continuous gentle shaking. 
The solution is diluted to 70 ml. with water. 

2 . Distillation. The contents of the flask are distilled in 10 to 
12 minutes into 5 to 10 ml. of water (the water in the receiver must, 
of course, cover the end of the distillation tube) until only ap- 
proximately 5 ml. of fluid remain in the Kjeldahl flask. The iodate, 
which tends to become dried on the sides of the flask, should be 
washed down by swirling. The distillate is diluted to 100 ml, 

3. Color Development. An amount of distillate, containing 40 to 
IOO 7 of HCHO, is placed in a test tube graduated to 50 ml. Then 
0.5 ml. of chromotropic acid are added and enough water to make 
the final volume 17 inl. The tube is cooled in an ice bath and 10 ml. 
of concentrated H 2 SO 4 are added slowly during 40 to 45 seconds. 
The contents are again cooled to 0° and sulfuric acid is added to the 
50 ml. mark. The tube is now heated for 10 minutes in boiling water, 
cooled to room temperature, and read, within an hour, against a 
similarly prepared standard or a calibration curve. 

Comment: This appealing micromethod is claimed to have an 
error of only 1 to 2 per cent. Carbohydrates and higher aldehydes 
do not interfere, but HCHO resulting from the oxidation of hydroxy- 
lysine will give erroneously high serine values. 
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2. Miscellaneous Methods 

Fromageot and Heitz (245) have observed that when the 
hydroxy acids resulting frcim the deamination of an amino acid 
mixture are oxidized with KMnOi, lactic acid, malic acid, and 
glyceric acid yield acetaldehyde, the determination of which per- 
mits the approximate estimation of the sum of serine, alanine, and 
aspartic acid in the hydrolysate. 

Rapoport (537) has reported that glycollic acid is formed from 
serine and glycine by oxidation with diluted KMn 04 following 
deamination. The sum of the two amino acids is then calculated 
from the glycollic acid. The method does not appear promising. 
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P^RT IV 

(3-HYDROXY AMINO ACIDS IN PROTEINS 

As in the preceding tables all amino acid values given below have 
been calculated to 16.0 per cent of nitrogen. In contrast to our 
former practice, however, the method used is designated by the 
letters F or 0. The former indicates that the amino acid, almost 
without exception serine, was isolated after fractional distillation 
of the esters according to Fischer. The symbol 0 refers to one or 
another of the modifications of the tetraacetate or periodate oxida- 
tion methods. 

It will be seen that the values obtained by the Fischer method 
are usually only a small fraction of the quantity estimated by the 
oxidation procedures. Their purpose serves simply to indicate the 
presence in the protein of the amino acid in question. 

^-Hydroxy Amino Adda in Animal Proteins 


Calculated to 16 >0 gm. N. 


SOURCE j 

METHOD 

REFERENCE j 

NITROGEN 

SERINE 

THREONINE 





per cent 

gtn. 

gm. 

Albuminoids 







Gelatin 

0 

Block 

100 

16.0 


1.2 

Gelatin 

0 

unpublished 




1. 5 

Gelatin 

0 

Martin 

438 

(16.0) 


2.0 

Gelatin 

0 

Nicolet 

476 

(16.0) 

3.3 


Gelatin 

0 

Shinn 

678 

(16.0) 


1.4 

Collagen 

0 

Boyd 

120 


3.7 


Elastin 

0 

Brand 

128 

(17.1) 


2.5 

Fish Gelatin 

0 

unpublished 


11.8 


2.3 

Entire Animals: 







Rat 

0 

unpublished 


12.4 


4.5 

Blood Proteins: 







Fibrin 

0 

unpublished 


13.4 


7.9 

Globin-IIuman 

0 

unpublished 


16.2 


6.8 

Hemoglobin-Horse 

0 

Boyd 

120 ; 


5.3 


Hemoglobin-Dog 

0 

Boyd 

120 ^ 


5.1 


SJerum-Human 

0 

Block 

100 

14.9 


6.4 

Serum-Human 

0 

Block 

105 

14.9 


6.2 

Brain Proteins: 







Human 

0 

Block 

105 

14.1 


6.8 

Beef 

0 

Beach 

69 


7.1 

6.3 

Egg Proteins: 







Albumin 

0 

unpublished 


13.9 


4.3 

Albumin 

0 

Boyd 

120 


7.6 


Albumin 

0 

Martin 

438 

16.8 


3.1 

VilelUn 

0 

Nicolet 

479 

15.3 

9.4 

4.9 

Whole Egg 


unpublished 


14.1 


4.9 
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^-Hydroxy Amino AeidB in Animal Proteins — Continued 


Calculated to 16.0 gm, N. 


BOCBCB 

METHOD 

REFERENCE 

NITROGEN 

SERINE 

THREONINE 

Feeds 


1 


per cent 

Km. 

Km. 

Meat Scraps 

0 

unpublished 




3.9 

Tankage 

0 

unpublished 


10.6 


3.5 

Menhaden Meal 

0 

unpublished 


11.6 


5.1 

Skim Milk 

0 

unpublished 




4.7 

Hormones, Enzsmies: 







Insulin 

0 

Nicolet 

476A 

15.7 

3.G 

2.7 

Pepsin 

0 

Brand 

128 

15.4 


9.9 

Trypsin 

0 

Brand 

128 

(16.0) 


6.8 

C hymot ry ps i n ogens 

0 

Brand 

128 

(16.0) 


10-11 

Eukeratins: 







Horn 

F 

Fischer 

224 


1 


Hoof 

0 

unpublished 


15.0 


4.9 

Hair-Hog 

0 

unpublished 


15.1 


6.1 

Hair-Chimpanzee 

0 

Winnick 

685 

16.3 


G.6 

Pseudo keratins ; 







Silk Fibroin 

1' 

Abderhalden 

20 

19.0 

' 1-2 


Silk Fibroin ^ 

0 

Martin 

438 

18.3 


0.8 

Silk Fibroin 

0 

Nicolet 

475 

19.1 

11.4 

1.3 

Silk Serecin 

0 

Nicolet 

475 ^ 

16,5 

32.9 

9.8 

Liver Proteins: 







Human 

0 

Block 

105 

13.6 


5.8 

Beef 

0 

Beach 

50 i 


, 7.3 

4.8 

Cod 

0 

unpublished 




5.4 

Milk Proteins: 







Casein; 

0 

Block 

100 

14.7 


3.8 

Casein 

0 

Borchers 

115 

(15.4) 


3.6 

Casein 

0 

Boyd 

120 


5.7 


Casein 

0 

Martin 

438 

13.4 ’ 


4.1 

Casein 

0 

Nicolet 

470 

14.0 

5.7 


Casein 

0 

Nicolet 

477 

16.8 

5.9 

4.0 

Casein 

0 

Nicolet 

479 

15.8 

7.5 


Casein 

0 

Shinn 

578 

(14.0) 


4.0 

Casein 

0 

Toennies 

613 

14.1 

4.8 

4,0 

Casein Hydrolysate 

0 

unpublished 


12.3 

7.6 


Casein Hydrolysate 

0 

unpublished 



6.2 

4.3 

^-Lactoglobulin 

0 

Bolling 

112 

15.5 


6.0 

^-Lactoglobulin 

0 

Brand 

128 

15.6 


6.0 

^Lactoglobulin 

0 

Nicplet 

477 

15.4 


5.4 

^Lacto t lobu I i n 

0 

Winnick 

685 

14.4 


6.0 

Lactalbnmin 

F 

Jones 

340 

15.4 

2 


Lactalbumin 

0 

Nicolet 

476 

13.9 

4.9 


Lactalbumin 

0 

Nicolet 

477 

15.4 

4.9 

5.4 

Lactalbumin 

0 

unpublished 


13.8 


5.2 

Whole Milk. Cow's 

0 

unpublished 


15.2 


4.6 

Whole Milk, Human 

0 

unpublished 


15.2 


4.6 

Muscle Proteins: 







Heart, Beef 

0 

unpublished 


14.8 


4.0 

Heart, Beef 

0 

Beach 

60 


5.0 

4.7 

Bladder 

0 

unpublished 


16.0 


3.3 

Intestine 

0 

unpublished 


15.3 


3.5 

Muscle, Beef 

0 

unpublished 


10.1 


3.5 

Muscle, Beef 

0 

Beach 

59 


5.4 

4.6 

Muscle, Cod 

0 

Abderhalden 

24 

13.6 

2 
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P-Hydroxy Amino Acids in Animal Proteins — Continued 


Calculated io 16.0 gm. N. 


sormcB 

METHOD 

REFERENCE 

NITROGEN 

SERINE 

THREONINE 




9 

per cent 

gm. 

gm. 

Myosin 

0 

Martin 

438 

16.8 


3.8 

Myogen 

0 

Martin 

438 



4.2 

Veal, Muscle 

0 

Beach 

59 


6.1 

5.1 

Lamb, Muscle 

0 

Beach 

59 


6.3 

5.3 

Chicken. Muscle 

0 

Beach 

59 


4.7 

4.7 

Tissue Proteins: 







Spleen 

0 

unpublished 


15.7 


3.8 

Thymus 

0 

unpublished 


15.4 


4.1 

Lung 

0 

unpublished 


15.3 


3.8 

Lung 

0 

Beach 

59 


6.7 

3.8 

Pancreas 

0 

unpublished 


1,5.5 


4.1 

Salivary 

0 

unpublished 


15.7 


3.5 

Testes 

0 

unpublished 


15.4 


3.5 

Ovaries 

O 

unpublished 


15.8 


3.7 

Kidney 

0 

Beach 

59 


6.1 

4.6 

Stomach 

0 

Beach 

59 


7.0 

3.4 


^-Hydroxy Amino Acids in Planl Proteiris 


SOURCE 


METHOD 


Biologically Active Proteins: 
Tyrocidine 
Tobacco Virus 
Tobacco Virus 


O 

O 

0 


Calculated to 16.0 gm, N. 


REKEUENCE 


NITROGEN 


SERINE 


THREONINE 


per cent 


gm. 


Christensen 162 
Ross 557 

Ross 556 


14.5 

15.9 

15.9 


0.0 

6.3 

6.3 


Corn Proteins: 
Whole, White 
Whole, Yellow 
Gluten, White 
Gluten, Yellow 
Gluten, Meal 
Germ, White 
Germ, Yellow 
Zein 
Zein 

Zein Residue 

Bran 

Albumins 


0 

0 

O 

0 

O 

O 

O 

O 

0 

0 

O 

0 


unpublished 

unpublished 

unpublished 

unpublished 

unpublished 

unpublished 

unpublished 

Borchers 115 

Martin 438 

unpublished 

unpublished 

unpublished 


10.9 

12.7 

U.8 

12.8 

15.5 
16.3 
10.9 

12.6 


3.7 

3.4 


3.2 
4.7 
4.0 
2.6 

2.3 
4.0 
4.0 
3.9 


Foods: 

Bread 

Flour 

“Cerevim” 

“Wheatena” 

“Ralston" 

“Cream Farina" 

"Cream of Wheat" 
"Puffed Wheat Sparkles” 


0 

0 

0 

O 

0 

0 

O 

0 


unpublished 

unpublished 

unpublished 

unpublished 

unpublished 

unpublished 

unpublished 

unpublished 


11.3 

13.1 


9.5 

12.3 


2.8 

2.7 
2.1 
3.9 

3.8 
3.3 

2.7 

3.8 


Leaf Proteins: 
Leaves 
Alfalfa 


0 

0 


Martin 438 13.1 

unpublished 10.6 
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p-Hydroxy Amiao Adds ia Plant Proteins — Continued 


Calculated to 16.0 jtni. N. 


BOUBCB 

MBTEOn 

nEF£BI&CB 

NITBOGBN 

aSBXNE 

thueonine 

MisceUsaeous; 



per cent 

gm. 

gm. 

Cottnaseed Glnbulin 

O 

Fontaine 238 

17,2 

2.7 

2.7 

Cottonseed Meal 

0 

unpublished 

10.9 


3.0 

Linseed Meal 

0 

unpublished 



5.1 

Peanut Meal 

0 

unpublished 

10.4 


1.5 

Peanut-Aracbin 

0 

Brown 133 

18.0 

4.6 

2.3 

Peanut-Arachin 

0 

Martin 438 



2.1 

Peanut Conaracbin 

0 

Brown 133 

18.0 

4.4 

1.8 

Soybean Meal 

0 

unpublished 



4.0 

Castor BeanTBIcin 

0 

Martin 438 

(17.0) 


2.7 

Cocoanut Globulin 

F 

Johns 334 

18.5 

1-2 


Yeasb-Brewera 

0 

unpubbsbed 



5.0 

Yeast-Steep Water 

0 

unpublished 



5.0 

Flaxseed Meal 

0 

unpublished 



4.0 

Oat Meal 

0 

unpublished 



3.6 

Rice Cereal 

0 

unpublished 



3.9 

Wheat Proteins; 






Germ 

0 

unpublished 



3.8 

Flour 

0 

unpublished 

13.1 


2.7 

Gluten ^ 

0 

Martin 438 

13.5 


2.3 

Gliadin 

0 

Winnick 685 

17.6 


2.7 

Whole Wheat 

0 

unpublished 



3.3 



CHAPTER V, 


THE ^XEUCINES’^ 


LEUCINE, ISOLEUCINE, AND VALINE 



Leucine 

Isolcucine 

Valine 

Empirical Formula 

CeHiaOsN 

CeHisOaN 

C.HUO2N 

Optical Form 

1 

d 

d 

Molecular Weight 

131.11 

131.11 

117.10 

Carbon 

54.92 ! 

54.92 

51.24 

Hydrogen 

9.99 

9.99 

9.47 

Nitrogen ! 

10.69 

10.69 

11.96 

Oxygen ■ 

24.41 

24.41 

27.33 

Melting Point 

293-5" 

280" 

315" (cor.) 


PART I 

INTRODUCTION 

I N contrast to the numerous methods given in Chapters I, II, 
and III for the diamino, aromatic, and sulfur containing amino 
acids and the relatively simple but accurate oxidation procedures 
for threonine and serine described in Chapter IV, the procedures 
for the estimation of leucine, isoleucine, and valine are not only 
few and difficult to carry out, but the results obtained leave much 
to be desired. 

Although the available evidence, as well as chemical structure, 
suggest that the ^leucines” are not destroyed to any great extent 
during acid hydrolysis even in the presence of carbohydrates, a 
definite opinion on this point should not be entertained until fur- 
ther, more nearly quantitative data become available. The experi- 
ments of Lyman et aL (433B and private communication) show 
that the loss of these three amino acids because of humin formation 
appears to be relatively low. 
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CHAPTER V 


PART II 

THE ESTIMATION OF LEUCINE, ISOLEUCINE, 

AND VALINE 

1. The Fischer Ester Hydrochloride Method (222, 224) 

Principle: Fischer’s ester hydrochloride method is described in 
greater detail in another place. It suffices to say here that leucine, 
isoleucine, and valine esters are distilled among the lower boiling 
fractions (Osborne, Jones and Leavenworth, 497). Leucine and 
isoleucine are separated from valine by precipitation with lead 
acetate (Levene and Van Slyke, 415). The quantities of leucine 
and isoleucine in the mixture are estimated by optical rotation. 
Valine is then* separated from alanine by precipitation of the latter 
amino acid with phosphotungstic acid (Levene and Van Slyke, 
417). 

Method (In brief): 1. Hydrolysis. A relatively large quantity of 
the protein (250 to 1000 gm.) is hydrolyzed with 5.8 to 36 per cent 
HCl for 8 to 36 hours. The excess acid is removed by concentration 
in vacuo. 

2. Separation of Amino Acids by Crystalhzation. A fraction of 
the glutamic acid is removed from the hydrolysate by direct crystal- 
lization as the hydrochloride according to Hlaziwetz and Haber- 
mann (300). The hydrolysate is neutralized and a portion of the 
tyrosine crystallizes out. 

3. Esterification. The remainder of the hydrolysate is esterified 
with HCl in absolute alcohol and the mineral acid is removed by 
one of the following: Na 0 H-K 2 C 03 , Ba(OH) 2 , PbO, NHs, or 
CzHsONa. The free esters are extracted with ether. 

4. Distillation. Osborne, Jones and Leavenworth (497) in a very 
careful analysis of egg albumin found that valine, leucine, and iso- 
leucine esters were present in the fraction distilling at 100° bath 
temperature and 10.00 mm pressure. Leucine and isoleucine esters 
also came over at the next higher fraction, namely 107° bath tem- 
perature and 0.40 mm pressure. After hydrolysis of the amino 
acid esters, the hydrolyzing acid is quantitatively removed and the 
solution is evaporated to dryness. Proline is extracted from this 
mixture with ethanol. Leucine, isoleucine, valine, and alanine are 
present in the residue. 


216 



LEUCINE, ISOLEUCINE, AND VALINE 


217 


5. Separation of Leucine and Isoleucine from Valine. Levene and 
Van Slyke (415) found that leucine and isoleucine could be sep- 
arated, from valine and other amino acids in thp low boiling ester 
distillate by the addition during thorough agitation of a slight 
excess of the theoretical quantity of lead acetate. They added 
4 ml. of 1.1 M lead acetate solution (sp.gr. 1.2540 at 20°) per gm. 
of leucine plus isoleucine. The amino acids were dissolved in hot 
water with the least quantity of ammonia. The approximate 
amounts of the latter amino acids were calculated from a carbon 
determination where 

per cent Carbon — 51.24 

Leucine plus Isoleucine = X 100. 

3.68 

The lead precipitate was removed after cooling for one hour or 
more and washed with cold 90 per cent ethanol and ether and 
analyzed for Pb, 

6. Calculation of Leucine and of Isoleucine. After removal of the 
lead from the precipitate, the quantities of leucine and isoleucine 
in the mixture were determined by the optical rotation of the solu- 
tion in 20 per cent ITCl. 

1 Rotation — 15.6 

per cent Isoleucine = 100 X 

21.8 

37.4 — Rotation 

per cent Leucine = 100 X — — — — * 

21.8 

7. Separation of Valine from Alanine. After removal of the lead 
from the Icucinc-isoleucine filtrate, the solution usually contains 
an inseparable mixture of alanine and valine. Provided that the 
mixture does not contain more than 50 per cent of valine, Levene 
and Van Slyke (417) have suggested the following method for their 
separation. 

The amino acids are dissolved in 30 to 40 ml. of 10 per cent 
H2SO4 per gm. of valine. Then the solution is heated to 90° and 
14 gm. of phospho-24-tungstic acid (purified according to Winter- 
stein, 686) per gm. of alanine is added. Then 1 gm. more of phospho- 
tungstic acid per 5 ml. of solution is introduced. The solution is 
cooled at 0° for 24 hours and the precipitate of alanine phospho- 
tungstate is removed. 

The precipitate is then dissolved by warming in the same 
volume of 10 per cent H2SO4 from which the original precipitation 
was carried out. One gm. of phosphotungstic acid per 4 to 5 ml. 
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of the hot solution is now added and the crystallization is allowed 
to take place at 0° for 24 hours. The precipitate is removed and 
washed with cold^O per cent phosphotungstic acid in 10 per cent 
H 2 SO 4 . The precipitate is 'then decomposed with lead acetate and 
after removal of the excess lead with H2SO4, alanine is obtained 
by crystallization from a small volume, 

Levene and Van Slyke report that 90 to 95 per cent of pure al- 
anine was recovered under these conditions when a correction of 
0.15 gm. of alanine per 100 ml. of phosphotungstic acid solution 
was used. 

Valine is then obtained from the phosphotungstic acid filtrate 
after removal of the inorganic reagents. It is precipitated from 
aqueous solution by the addition of acetone to 80 per cent. Only 
75 to 85 per cent of valine was recovered by this procedure. 

Comment: The great effort involved in obtaining even minimal 
values by the Fischer method has resulted in its almost complete 
abandonment in recent years. The popularity of this procedure 
was, in fact, gteatly impaired when Osborne and Jones (501) found, 
in 1910, that the method, even in the hands of very adept and ex- 
perienced investigators, yielded only 80 to 90 per cent of the leucine 
and 40 per cent of the valine present in a mixture of pure amino 
acids. Abderhalden and Weil, two years later (1*9), reported the 
recovery of 65 to 75 per cent of leucine and 65 to 70 per cent of 
valine under the same conditions. 

In spite of all these disadvantages, the method has yielded some 
results useful to the nutritionist. 

2. The Sepakation of Leucine from Isoleucine and 
Valine by Copper Salts (Ehrlich, 207) 

Historical: In 1908, Felix Ehrlich and Wendel (207) published 
the results of experiments on the separation and isolation of 
leucine, isoleucine, and valine from a number of proteins. In the 
course of this investigation they observed that the copper salt of 
leucine was insoluble in methanol but that one part of isoleucine 
copper was dissolved in 55 parts of methanol at 17° and one part 
of valine was soluble in 52 parts of CH 3 OH at 18°. These results 
have been used for the separation of leucine from isoleucine and 
valine (Brazier, 129). 

A. Brazier’s Modification of the Ehrlich Copper Salt Method (129) 

Principle: The amino acids are converted into their copper 
salts and are thoroughly dried. Isoleucine and valine copper are 
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extracted with methanol, leucine copper remains in the precipitate. 

Method: The protein is hydrolyzed with 8 n H2SO4 and the 
mineral acid is removed with bhryta. The amino acid solution is 
heated to boiling and an excess of coppe? carbonate is added to the 
hot solution. The entire solution, hicluding the excess CuCOa, is 
evaporated to a thick syrup on the steam bath. Then the salts are 
thoroughly dried with the careful addition of an excess of acetone. 
The dry salts are pulverized and dried in the oven at 110°C for 
several hours. The dry salts are ground again if necessary and re- 
peatedly extracted with dry methanol until the filtrate is colorless. 
The copper salts of isoleucine, valine, hydroxyvaline (?), proline, 
and some others are present in the filtrate. The greater part of 
the leucine remains in the precipitate. 

Comment: The Ehrlich-Brazier copper method appears promising 
as a preliminary step for the estimation of leucine, isoleucine, and 
valine by other methods. 

Woolley and Peterson (689) point out that some leucine copper 
is apt to precipitate along with the excess CuCOs orCu(OH)2 used 
to prepare the copper salts, even in hot dilute aqueous solution. 
They, therefore, suggest that this fraction should not be dis- 
carded as is often done. 

Schryver and'Buston (571) have shown that after heating the 
dried zinc salts in the oven for some time, leucine zinc becomes in- 
soluble in water, while the valine salt remains soluble. 

3. The Separation of Leucine from Valine and Isoleucine 
BY NAPHTHALENE-jS-SuLFONTC AciD 

Historical: Fischer and Bergell (221) found that the naphtha- 
lene-i3-sulfonyl derivative of Z-leucine was very insoluble in cold 
winter and soluble to the extent of only one part in 400 of boiling 
water. 

A, The Direct Precipitation of Leucine htj Naphthalene-^-Sulfonic 
Acid {Bergmann and Stein, 71) 

Method indicated by the paper of Bergmann and Stein): 
The solution of amino acids in n HCl is heated (80 to OS'’ ?) and 
an excess of naphthalene-j8-sulfonic acid in an equal volume of hot 
water is added. The precipitate which is allowed to form at 0° 
for 3 days, is filtered off and recrystallized from water. 

Pure leucine naphthalcnesulfonate M.P. 187-189°C 

N = 3.9 per cent 
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Comment: It is claimed that the naphthalenesulfonates of iso- 
leucine and valine are much more soluble (71) than that of leu- 
cine. This separation, if it can effected, should, therefore, in- 
crease the accuracy of the oxidation methods for leucine and valine 
after hydrolysis of the sulfonaftes. 

4. Fractionation of the Acetyl Derivatives of Leucine, 
Isoleucine, and Valine 

A. Counter-Current Liquid-Liquid Separation {Martin 
and Synge, 437) 

Principle : A rather elaborate liquid-liquid extractor is employed 
for separating the acetylmonoamino acids by their differential 
solubility in chloroform and water. It is claimed that the procedure 
leads to a better separation of leucine, isoleucine, and valine than 
can be achieved by the distillation of their esters. The reader is 
advised to refer to the original paper for the details. 

B, Tte Liquid Chromatographic Method of Martin 
and Synge (439)* 

Principle: A column of silica gel saturated with water is used 
as a mechanical support for the aqueous phase is which the ace- 
tylated amino acids arc separated by the familiar Tswett principle. 

Reagents: Silica Gel. One volume of commercial water glass is 
dissolved in 2 volumes of water. The Si02 is precipitated from solu- 
tion by 10 N HCl using methyl orange as the internal indicator. 
After standing for several hours, the gel is filtered off and washed 
with distilled water until it is free from indicator. The gel is then 
aged several days on the filter while wet. It is finally washed again 
and dried at 110^. 

The silica gel is treated with 70 per cent of its weight (w/w) of 
water saturated with methyl orange. The resulting pink powder 
should appear dry. 5 gm. of this powder are suspended in 35 ml. 
of chloroform previously saturated with water and which contains 
1 per cent by volume of normal butanol. The gel, which should now 
appear yellow, is poured into a 30 X 1 cm. tube with a porous plate 
at the bottom. A stopper is inserted in the top but the CHCb 
is allowed to run out. 

The column should now contain methyl orange firmly held in 
the aqueous phase. 

Procedure: 1. Hydrolysis. 100 mg. of protein are hydrolyzed with 
6 N HCl and the excess acid is removed by concentration in vacuo. 

* See Chapter IX, Part II, Section 12D. 
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The hydrolysate is then made alkaline to thymolphthalein with 
6 N NaOH and concentrated to thin syrup. 

2. Acetylation. The alkaline solution is treated with 10 ml, of 
2 N NaOH and 1 ml. of acetic anhydride in 5 equal portions over 
15 minutes. The solution is shaken and cooled in an ice bath be- 
tween each addition. The solution is allowed to remain alkaline to 
thymolphthalein for 10 minutes longer and then it is acidified ^Yith 
1 ml. of 10 N H 2 SO 4 . 

3. Extraction. The acetylated amino acid solution is concen- 
trated in vacuo to 5 ml. and then adjusted to acid to thymol blue 
with 10 N H 2 SO 4 . It is transferred into a small separatory funnel, 
final volume 10 ml., and extracted 5 times with 5 volumes of chlo- 
roform each time. The chloroform solutions are filtered and the 
solvent is distilled off. The residue is taken up in 10 ml. of ethanol. 

4. Chromatographic Separation. The alcoholic solution, equiva- 
lent to 30 mg. of protein, is evaporated to dr 3 mess in vacuo in a 
desiccator over H2SO4 and soda lime. The residue is dissolved in a 
minimal quantity of chloroform containing 1 per cent of n-butanol. 
The CHCI3 solution is carefully transferred to the silica gel column 
by pipetting down the side of the tube. The bands are developed 
with fresh solvent. The position of each is revealed by the ad- 
sorbed indicator which turns from yellow through orange to pink. 
As each of the 3 bands passes out of the column, the receiver is 
changed. 

5. Hydrolysis. The chloroform is removed from the fractions 
and the peptides are split by hydrolyzing under reflux for 3 hours 
with 2 N HCl. 

Comment: The first band is reported to contain phenylalanine; 
the second, leucine and isoleucine; and the third, valine, proline, 
and methionine. The method should be useful as a preliminary step 
in the oxidation procedures to be described below. 

Catch, Cook and Ileilbron (150) have described an interesting 
adaptation of this method. 

5. The Micno Oxidation Methods op Fkomageot (246) 

AND Block (106) 

Principle: The hydroxyamino acids, resulting from the deamina- 
tion of a protein hydrolysate, are oxidized under two different 
conditions. Both leucine and valine yield acetone but in varying 
quantities depending upon the conditions of oxidation. This per- 
mits the calculation of leucine and valine in a mixture. Isoleucine 
is estimated from the yield of ethylmethylketone according to 
Fabinyi^s (215) method. 
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A. TKb EstiTRCltiOTl oj Leucme and Valine by Differential Chromate 
Oxidation According to Fromageoi^ Heitz^ and Mourgue (246, 247) 

Principle: The Reactions are best illustrated by equations. 

CHa CHa 

^CHCHNHjCOOH+HONO-^ ^CHCHOHCOOH 
Ch/ CHa 

CHa 

\cHCH0HC00H+0(H2Cr20,)^CH3C0CH, 

Qjj / 4- other oxidation products 

CHa CHO 0H=-CH-00-CH=CH 

^CO+2C,H,</ +KOH~>C.H,<^ 

CHa'’^ OH OK KO'^ 

K salt of di-O'hydroxy- 

, dibcnzalacctone 

The condensation of acetone with salicylaldehyde in alkaline 
solution was first proposed by Fabinyi (216) in 1900. 

Method: A. Estimation of Valine in the Ahsenpe of Leucine 1. 
Deamination. An amino acid mixture containing 2 to 20 mg. of 
valine and 50 mg. of other amino acids, except leucine, is de- 
aminated in 75 ml. of water with 2.5 ml. of N H2SO4 and 15 ml. of 
2.5 per cent NaNO^ at 100° for 15 minutes. The excess HONO is 
destroyed by the addition of 15 ml. of 7.5 per cent urea. The solu- 
tion is evaporated to less than 10 ml. 

2. Oxidation under Pressure. The solution of hydroxy acids is 
put into a 150 ml. round bottom flask and diluted to 20 ml. with 
water. Then 4 ml. of glacial acetic acid and 5 ml. of 10 per cent 
CrOa are added. The flask is closed with a ground glass stopper 
containing a stop-cock. The stopper is wired tightly in place. The 
flask is placed in boiling water for 2 to 5 hours after which it is 
cooled under running water and then in an ice bath. The stopcock 
is opened, and the stopper is replaced with a distilling head. Ap- 
proximately two thirds of the liquid is distilled into a volumetric 
flask. The acetic acid in the distillate is neutrahzed with KOH and 
the contents are diluted to 100 ml. 

3. Direct Oxidation. 5 ml. of 10 per cent CrOa are placed in a 
150 ml. round bottom flask with a Claisen distilling head attached. 
The solution of hydroxy acids (volume =40 to 45 ml.) is allowed 
to fall drop by drop into the chromic acid which is kept at a gentle 
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boil. The rate of addition is adjusted so that the volume of the con- 
tents in the oxidation flask remains approximately constant during 
the 25 minute distillation. Thfe distillate, vjhicla contains the ace- 
tone, is collected in a 150 ml. Erlenmfeyer flasic which is cooled in 
ice. 10 ml. of ice water should be present in the flask at the be- 
ginning of the distillation. The last traces of the hydroxy acids 
are rinsed into the oxidation flask with 5 to 10 ml. of water. The 
distillate is neutralized with KOH and diluted to 100 ml. 

4. Determination of Acetone. Urback^s modification (624) of 
Fabinyi's (216) method is used to determine the acetone in the 
distillate. 2 ml. of 11.3 n KOH (63.6 gm. of KOH in 100 ml. of 
water) and 1 ml. of alcoholic salicylaldehyde (10 ml. of distilled 
aldehyde in 142 ml. of 95 per cent ethanol) reagent are added to 
2 ml. of the distillate. The solution is placed in a 50° bath for one 
hour and is mixed from time to time. After 60 minutes, the solution 
is cooled in an ice bath for 5 minutes and the volume is brought to 
15 ml. by the addition of water. The color is read against a stand- 
ard acetone curve using filter 530 mu. The color Vvas found to be 
proportional to the acetone concentration over the range 0.08 to 
0.80 mg. 

5. Yield. Valine gave 61 per cent of the theoretical quantity of 
acetone unde/ pressure and 69 per cent of the expected amount by 
direct oxidation. Serine, aspartic acid, glycine, cysteine, isoleucine, 
glutamic acid, tyrosine and trypophane did not influence the yield 
of acetone obtained from valine over the range 1 to 12 mg. of 
valine. 

B. Estimation of Leucine in the Absence of Valine, This is carried 
out in the same way as described for valine except that the per- 
centage of expected acetone is different. Thus, Fromageot and 
Mourgue (247) found that leucine gave 48 per cent of the ex- 
pected quantity of acetone under pressure and 26 per cent by direct 
oxidation. 

C. Estimation of Leucine and Valine in Mixtures. Aliquots of 
the mixture are deaminated and oxidized by both the “direct” and 
“pressure” methods. Then if the coefficients of oxidation are known 
from the results of an adequate number of control experiments on 
leucine and valine alone, determinations of acetone in the distillates 
will permit the calculation of leucine and valine in the mixture. 

Calculations : 

If X = the theoretical quantity of acetone from valine 

y = the theoretical quantity of acetone from leucine 
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a=the quantity of acetone under pressure 
b=the quantity of acetone direct 
u = the quantity pf acetone from valine under pressure 
u^ = the quantity of acetone from valine direct 
V = the quantity of acetone from leucine under pressure 
v^ = the quantity of acetone from leucine direct 

Then 


a — vy v}/u{a — h) 

X = - - - and y = — — — ■ • 

u u''/u{v — v^) 

If experimentally, u = 0.611; u^ = 0.690; v = 0.479 and v^ = 0.258, 
then 


a — A79y 

X and y 

.611 


1.13a - h 
.288 


and 


Valine = 2.02x; Leucine — 2.26^. 

Comment: The values of the four coefficients are empirical de- 
pending on the experimental conditions and consequently are 
subject to variations from one laboratory to another. Fromageot 
and Heitz (246) stress the point that each investigator must deter- 
mine the 4 oxidation coefficients himself under highly standardized 
conditions. 

Fromageot and Heitz (246) say that it appears possible, then, 
to obtain with reasonable precision, the quantities of leucine and 
valine when each comprises 2 to 20 mg. of a mixture of amino 
acids. The error is about ±26 per cent according to Fromageot 
and Heitz (246), but only ±5 per cent according to the later paper 
of Fromageot and Mourgue (247). 

B, The Estimation of Leucine, Isoleucine, and Valine by Differential 
Oxidation {Block, Bolling and Kondriizer, 106, 104) 

Principle: The amino acid mixture is deaminated with nitrous 
acid and aliquots of the resulting mixture of hydroxy acids are 
oxidized with chromate or with permanganate. Leucine and valine 
are calculated from the yields of acetone after GrOa and KMn 04 
oxidations essentially according to Fromageot. Isoleucine is calcu- 
lated from the quantity of ethylmethylketone which is deter- 
mined by Fabinyi’s acid salicylaldehyde reaction (215). 
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OH OH RCHa 

2 C 6 H 4 / +2CHs ■ CO ' CH 2 K ^ 2C6H4<^ I 

CHO ‘ ^CH=CH • CO 

OH RCCHs OCCH=CH 

C6ll4<^ I + I ^CeH, » 

CH=CHCO H 2 CR HO'^ 

OH RC=CHC=CH 

CeH,./ I j \C6H4 

CH=CH C=CR HO"^ 

Reagents: 4 n Sodium Nitrite; 28 gm. of NaNOa are dissolved in 
100 ml. of water. 

M Phosphate Buffer: 408 gm. of KH2PO4 and 685 gm. of 
K 2 HP 04 -3 H 2 O are dissolved in 6 liters of water. The pH should be 
approximately 6.8. 

Salicylaldehyde Reagent: 16 ml. of redistilled* salicylaldehyde 
(Eastman reagent grade) are diluted to 260 ml. with absolute al- 
cohol. It is advisable to prepare this reagent fresh each day. 

15 per cent Mercuric Sulfate: 300 gm. of HgS 04 are suspended 
in 800 to 900 fnl. of 7 n H2SO4. 310 ml of H2O are added and the 
suspension is shaken until completely dissolved. The solution is 
diluted to 2000 ml. with 7 N H2SO4 and filtered if necessary. This is 
15 per cent HgS 04 in 6 n H 2 SO 4 or Deniges’ reagent (EoJin and 
Ciocalteu, 232), 

Procedure: A. Aeration (Macro) 

1. Hydrolysis. Two or 3 gm. of protein are hydrolyzed with 8 
to 10 volumes of 18 per cent HCl under reflux for 16 to 20 hours. 
The hydrolysate is evaporated to dryness to remove the excess 
acid and any acetone which may have been used to dry the protein. 
The residue is made up to 50 ml. 

2. Deamination. Five or 10 ml. aliquots of the hydrolysate are 
placed in 125 ml. Erlenmeyer flasks and diluted to 10 ml. with 
water. The amino acids are deaminated at room temperature with 
5 ml. of 4 N NaN02 and 2 ml. of 1 :3 H 2 SO 4 for 10 minutes. The ex- 
cess HONO is then destroyed by warming the flasks on a steam 
bath for 10 minutes. The solution is neutralized to approximately 
pH 4 with 20 per cent NaOH 

3. Chromate Oxidation. 2 gm. of K 2 Cr 207 are dissolved in 20 
ml. of water in a 3X20 cm. test tube into which a slow stream of 
washed air is passed in order to aspirate the ketones into 3 water 
traps connected in series. The water traps are kept in an ice bath 
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throughout the run. The oxidizing solution is heated to boiling 
(microburner) and the solution of hydroxy acids (equivalent to not 
over 50 mg. of protein) is introduced from a burette at such a rate 
that the volume of solution in the boiling tube remains approx- 
imately constant. This addition requires approximately 30 minutes. 
The aeration and gentle boiling are continued for another 30 
minutes until the volume of liquid in the oxidizing tubes has been 
reduced to less than 10 ml. The aqueous solutions in the traps are 
combined and diluted to 100 ml. 

4. Permanganate Oxidation. 2 gm. of KMn 04 are dissolved in 
20 ml. of M phosphate buffer of pH 6.8. The solution is heated to 
boiling, a slow stream of air is started through the oxidizing tube 
and the solution of hydroxy acids (equivalent to not more then 
25 mg. of protein nitrogen) is added slowly from a burette. The 
mode of addition and oxidation is the same as given above in 3. 
The aqueous solution of the ketones is diluted to 100 ml. 

5. Determination of Acetone after Cook and Smith (171). An 
aliquot of the ketone solution, usually 75 ml. which contains at 
least 1.5 mg. of acetone, is diluted to 130 ml. with water. Ten ml. 
of 1 : 1 H 2 SO 4 and 35 ml. of 15 per cent HgS 04 in 6 n H 2 SO 4 are 
added. The solution is boiled vigorously under reflux for 1 hour. 
The precipitate of acetone mercury sulfate is removed by filtering 
the hot solution through a tared No. 4 sintered glass crucible. The 
precipitate is thoroughly washed with water. The crucible is dried 
at 110 ° and allowed to cool in a desiccator. The filtrate and wash- 
ings are set aside for the determination of ethylmethylketone w^hich 
is not precipitated by HgS 04 in the concentrations employed. 

Acetone = 0.05 X weight of Acetone Mercury Sulfate 

6. Determination of Ethylmethylketone. The filtrate, remaining 
after the precipitation of acetone with HgS 04 , is diluted with water 
so that 1 ml. will contain approximately 0.01 mg. of ethylmethyl- 
ketone. A suitable aliquot of this solution is diluted with water to 
8 ml. and 4 ml. of absolute alcohol are added. The solution is 
cooled to 0 ° and 4 ml. of concentrated H 2 SO 4 are added. The solu- 
tion is again cooled in ice water and 2 ml. of alcoholic salicylalde- 
hyde are added. The tube is tightly stoppered, the contents are 
mixed, and the tube is placed in a water bath at 55° for 18 hours. 
Any precipitate which may form is removed by centrifugation or 
is allowed to settle to the bottom of the reading tube. The color 
is read in an Evelyn or similar photoelectric photometer using a 
520 mu filter against a reagent blank prepared in the same way. 
Due to the inaccuracies of this colorimetric procedure, all estima- 
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tions for ethylmethylketone should be carried out at least in tripli- 
cate and at two levels of solution. 

A calibration curve should* be prepared with standard ethyl- 
methylketone in dilute HgSOi over the range 0.005 to 0.05 mg, of 
ketone. 

B. Distillation (Micro.) 

1 . Hydrolysis. 100 to 200 mg. of protein are hydrolyzed under 
reflux with 3 to 5 ml. of 1 : 1 HCl for 16 to 20 hours. The hydrolysate 
is evaporated to dryness to remove any traces of acetone which 
may have been left in the protein. The hydrolysate is diluted to 
100 ml, 

2. Deamination. Ten aliquots of the acid solution, equivalent to 
5 to 10 mg. of protein for chromate oxidation and approximately 
one half this quantity for permanganate oxidation, are pipetted 
into 125 ml. Erlenmeyer flasks. The volume of each is adjusted to 
10 ml. with water. The amino acids are deaminated at room tem- 
perature for 10 minutes by the addition of 2 ml. of 4 N NaNOz 
and 2 ml. of 1:3 H 2 SO 4 . The excess HONO is destroyed at the end 
of the deamination by warming on a steam bath for 10 minutes. 
The strongly acid solutions are neutralized to approximately pn 
4 with 20 per cent NaOH i.e. just acid to Congo red paper, 

3. ChromatiS Oxidation. The solutions of hydroxy acids are then 
poured into 100 ml. Kjeldahl flasks, the quantitative transfer is 
effected with the aid of 20 ml. of aqueous 4 per cent K 2 Cr 207 . The 
hydroxy acids are oxidized by distilling over a low flame using the 
Hengar microkjeldahl distillation apparatus which is a modification 
of Folin and Wright^s method (229). The distillate is collected in a 
300 ml. Erlenmeyer flask which contains 10 ml. of ice water. The 
receiving flask is cooled in an ice-bath throughout the operation. ' 
The distillation is continued until approximately 25 ml. of dis- 
tillate have been collected in 20 minutes. The distillate is diluted 
to exactly 50 ml. 

4. Permanganate Oxidation. This is carried out with the same 
apparatus as mentioned above except that 20 ml, of 1 per cent 
KMn 04 in m phosphate buffer of pH 6.8 is used as the oxidizing 
agent. In this case, almost all of the liquid is distilled over during the 
course of 45 minutes. The distillate is diluted to 50 ml. 

5. Determination of Acetone. An aliquot of the distillate, con- 
taining approximately 0.025 mg, of acetone, is pipetted into an 
Evelyn reading tube (i7X2J cm. test tube) and diluted to 8 ml. 
with water. Then 8 ml. of 40 per cent NaOH and 1 ml. of freshly 
prepared alcoholic salicylaldehyde reagent are added with thor- 
ough mixing after each addition. The tube is stoppered tightly, 
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placed in a water bath at 55^^ for 30 minutes, and allowed to stand 
in the dark at room temperature over night or the color tube is 
kept at 55° for 2 hours, and read 'immediately. In both cases, a 
standard acetone control is run simultaneously. The colors are 
read against a reagent blank using filter 520 mu. 

If the color developed by the standard acetone does not check 
the calibration curve, the unknown value is corrected accordingly. 
All estimations should be carried out in duplicate. 

The color is proportional to the concentration of acetone over 
the range 0.005 to 0.04 mg, Ethylmethylketone, except in very 
great excess, fails to give a color under these conditions (c/. Fro- 
mageot and Heitz, 246). 

6. Determination of Ethylmethylketone in the Presence of Ace- 
tone. A suitable aliquot of the distillate, which contains approx- 
imately 0.03 mg. of ketone, is placed into an Evelyn reading tube, 
diluted to 8 ml. with water and 4 ml. of absolute alcohol are added. 
The solution is cooled to 0° and 4 ml. of concentrated H2S()4 are 
introduced. The solution is then cooled in icc water and 2 ml. of 
alcoholic salicylaldehyde arc added. The contents are thoroughly 
mixed after the addition of each reagent. The tube is tightly stop- 
pered and placed in a Avater bath at 55°C for 18 hours. The color is 
read against a reagent blank using a 520 mu filter. *A11 estimations 
are carried out in triplicate and standard ethylmethylketone solu- 
tions are analyzed with each unknown to verify the procedure. 
Calculations : A. Calculation of Leucine and Valine 
When constant conditions of oxidation for the individual amino 
acids have been established, the folloAving formulae serve to permit 
the estimation of leucine and valine in a mixture of the two. 

Acetone K.cn07 = F^+F2 
Acetone KMno. = F^+F^ 

where, Acetone K,cr.o, is the amount of acetone formed by chromate 
oxidation and Acetone KMno. is the amount of acetone formed during 
permanganate oxidation and 

is the fraction of valine converted to acetone by K2Cr207 
F^ is the fraction of leucine converted to acetone by K2Cr207 
F^ is the fraction of valine converted to acetone by KMnOi 
F^ is the fraction of leucine converted to acetone by KMn04 

Leucine = 2.26 X Acetone derived from leucine. 

Vahne == 2.02 X Acetone derived from valine 

B. Calculation of Isoleucine from Ethylmethylketone in the 
Absence of Acetone. 
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Isoleucine = 1.82 Xethylmethylketone where F is the per 

cent of the theoretical yield of ethylmethylketone from isoleucine. 

C. Calculation of Isolcucine from a Solution Containing Both 
Acetone and Ethylmethylketone. 

When the microdistillation or microaeration (i.e., the aeration 
apparatus with one tenth the given quantity of protein and re- 
agents) procedures are employed, the quantities of acetone are too 
small to permit convenient quantitative precipitation by HgSO*. 

When the conditions described above for the estimation of ethyl- 
methylketone by salicylaldehyde in acid solution are used, it has 
been found that acetone gives only 26 per cent of the color pro- 
duced by an equal weight of ethylmethylketone. As the latter 
ketone does not give any color with salicylaldehyde in alkaline 
solution, it is a simple matter to determine the quantities of both 
acetone and ethylmethylketone in a mixture of the tw^o. 

Isoleucine (uncorrected) = 1.82 (E —0.26 X Acetone) 

where E is the total color found by the acid salicylaldehyde reaction 
read from the ethylmethylketone curve. Acetone can be deter- 
mined in a separate aliquot of that particular solution by the alka- 
line salicylaldehyde or any other suitable method. 

This calculation gives the uncorrected value for isoleucine. How- 
ever, as this oxidation, too, is not quantitative, the uncorrected 
value must be divided by the per cent of ethylmethylketone ob- 
tained from knoAvn amounts of the amino acid under the estab- 
lished conditions of oxidation. 

Comment: Although the oxidation procedure of Fromageot, 
lleitz, and Mourgue and of Block and Bolling for the microestima- 
tion of leucine, valine, and isoleucine leave much to be desired 
with respect to accuracy and simplicity of operation, they do per- 
mit, for the first time, the estimation of these three essential amino 
acids in small quantities of protein. 

In order to reduce the inherently large errors of the method, es- 
pecially for leucine and valine, it is our present custom to run 
simultaneously five microdistillations on the unknown and five on 
a known mixture of leucine and valine. The composition of the 
latter mixture should approximate that of the unknowm. (The de- 
terminations on the knowm mixture are used to confirm the for- 
mula.) In this way, 10 to 20 chromate and an equal number of 
permanganate oxidations are carried out on the unknown. The 
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yields of ketones are determined and calculated with twice the 
standard error of the mean (c/. Chapter I). 

It is obvious that the accuracy o? the oxidation procedure is in- 
creased with increasing difference in the yields of acetone from 
leucine by the two methods of oxidation, provided that the yields 
from valine do not change simultaneously. The aeration procedure 
yields approximately 50 per cent of the theoretical quantity of ace- 
tone from valine and 6 per cent from leucine by chromate oxidation 
and 50 per cent from valine and 36 per cent from leucine by per- 
manganate oxidation. Isoleucine yields approximately 50 per cent 
of the expected quantity of ethylmethylketone by both oxidizing 
agents. 

The analogous values for acetone by the microdistillation process 
are 50 per cent of valine and 9.4 per cent of leucine by chromate, 
and 64 per cent of valine and 36 per cent of leucine by KMn 04 . 
The yields of ethylmethylketone from isoleucine are 60 per cent 
and 70 per cent by K 2 Cr 207 and KMnOi respectively. 

The accuracy of the leucine-valine method would be greatly in- 
creased if these two amino acids were separated before oxidation 
by one of the procedures given in this Chapter. 


6. Oxidation with Ninhydrin «- 


Principle: Leucine, isoleucine, and valine are quantitatively con- 
verted into the next lower aldehydes when they are warmed in 
dilute acid solution with ninhydrin, triketohydrindene hydrate 
(cf. Chapter I, Part IV). 


a CO RCHCOOH 

I + I -^RCHO+COa+NHs-h 

C(0H)2 NH2 



A. Determination of Leucine in Pure Solutions {Virtanen and 
Laine, 397 and 662) 

Method: 0.2 to 5.0 mg. of leucine in 10 ml. of solution are gently 
boiled for 15 minutes with 7.5 gm. of ammonium sulfate, 0.5 gm. 
of citric acid, and 4 ml. of 1 per cent aqueous ninhydrin. The dis- 
tillate is trapped in 5 ml. of 1 per cent aqueous NaHSOa. The iso- 
valeraldehyde is quantitatively transferred into the bisulfite by 
steam distilling for 30 minutes. The bound bisulfite is determined 
as usual. 

Comment: Laine (397) claims that leucine, in the absence of other 
amino acids which yield volatile aldehydes, can be estimated with 
an error of less than 5 per cent. 
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B, The Estimation of the Sum of LeucinCj IsoleucinCj and Valine 
(Virianenj Laine^ and Toivonen, 66S) 

I 

Princi'ple: When the amino acids *01 a protein hydrolysate are 
treated with ninhydrin, valine, leucine, isoleucine, alanine, phenyl- 
alanine, and methionine yield volatile aldehydes. There exist sep- 
arate methods for determining the last three amino acids {cf. 
Chapters II, III, VII) ; therefore, the sum of the ^‘leucine^^ group 
can be calculated. 

Method: 1. Hydrolysis and Removal of the Dicarboxylic Amino 
Acids. Hydrolyze 1 gm. of protein with 10 ml. of concentrated HCl 
for 6 hours. Remove the excess HCl by evaporation and dilute the 
residue to 10 ml. Add 5 ml. of milk of lime (the solution must be 
strongly alkaline), followed by 100 ml. of 96 per cent ethanol with 
stirring. Discard the precipitate of dicarboxylic amino acids. Re- 
move the alcohol from the filtrate. 

2. Estimation of the Sum of Valine, Leucine, and Isoleucine. Di- 
lute an aliquot of the Foreman filtrate (0.05 to ^0.5 mg. of N) to 
10 ml. with water and add 1 gm. of KH 2 PO 4 , 1.5 gm. of NaCl, and 
2 ml. of 1 per cent ninhydrin solution. Distill the aldehydes into a 
gas adsorption tube, in an icebath, which contains 3 ml. of 1 per 
cent NaHSOt First heat the reaction vessel over a small flame for 
15 minutes and then steam distill the aldehydes for 30 minutes 
longer until a total of 30 ml. has been collected in the receiver. 

3. Titration of Total Volatile Aldehydes. Titrate the excess 
NaHSOa with 0.1 n L and then exactly remove the excess I2 with 
0.01 N NaHSOs, using starch as the internal indicator. Liberate the 
bound bisulfite by saturating the solution with NallCOa, Titrate 
the free NaHSOs with 0.01 n L. 

4. Calculation of the Sum of Leucine, Isoleucine, and Valine. 
Determine the quantites of aldehyde formed from phenylalanine 
by the Kapeller- Adler procedure {cf. Chapter II), and from methi- 
onine by the Baernstein volatile iodide method {cf. Chapter III). 
Calculate the yield of CH 3 CHO from alanine by a separate estima- 
tion on an aliquot of the Foreman filtrate {cf. Chapter VII). The 
residual aldehyde gives the sum of leucine, isoleucinc, and valine. 

Comment: This general procedure may be of value when used in 
conjunction with specific methods of separating leucine, isoleucinc, 
and valine. 

Neuberger and Sanger (474) report that it is not necessary to 
remove the aspartic acid as this substance, contrary to Virtanen, 
Laine, and Toivonen (663) does not yield some acetaldehyde when 
warmed with ninhydrin. 
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C. The Microestimation of Valine {Wretlind, 69^) 

Principle: Valme is oxidized to isebutylaldehyde by ninhydrin. 
The aldehyde is steihn distilled into water and then determined 
colorimetrically by Fabrinyi^s reaction (216). 

Method: 1. Oxidation. 20 to 250 gamma of valine in 10 ml. of 
water are boiled with 100 mg, of KH2PO4, 150 mg, of NaCl and 6 
times the calculated quantity of ninhydrin for 5 minutes at 120°. 
The aldehyde, thus formed is steam distilled for 10 to 15 minutes. 
The solution is diluted to 10 ml. 

2. Development of Color. 2 ml. of exactly 10.5 n NaOH are 
added to 3 ml. of the aldehyde solution and 1 ml. of 20 per cent by 
volume of salicylaldehyde is introduced. The mixture is placed in a 
water bath at 50° for 70 minutes. The tube is then cooled for 10 
minutes and the color is read using filter 500 mu. 

Comment: It is not stated in Wretlind^s paper whether the 
Fabrinyi reaction is given by the volatile aldehydes arising from 
leucine, isoleucinc, etc. If no color is formed by these with salicyl- 
aldehyde, this method should prove most valuable, 

7. The Microbiological Determination of Leucine, 
Isoleucine, and Valine (Lyman, et al, 433B;Kuiken, 
Norman, Lyman, Hale, and Blotter, in press; 
cf. Chapter IX, Part II, Section E.) 

Principle: The ability to grow certain microorganisms on syn- 
thetic media permits the development of methods for the quanti- 
tative determination of each individual essential component of that 
medium. 

Method: Kuiken, K. A., Norman, W. H., Lyman, C. M., Hale, 
F., and Blotter, L. : The Microbiological Determination of Amino 
Acids. I. Valine, Leucine, and Isoleucine. J. Biol. Chem. 1943, 
151, 615-626. 

Basal Medium— The composition of the complete medium for 
Lactobacillus arabinosus (American Type Culture Collection, 
Georgetown University Medical School, Washington, D.C. No. 
8014) is given belowL Assay media for valine, for leucine, or for 
isoleucine are prepared by omitting the appropriate amino acid. 


Complete Medium for Lactobacillus arabinosus 


Glucose 

40 gm. 

Uracil 

10 mg. 

Sodium acetate (anhydrous) 

14.6 gm. 

Thiamine chloride 

200 7 

Adenine sulfate 

10 mg. 

Pyridoxine hydrochloride 

200 7 

Guanine hydrochloride 

10 mg. 

Calcium pantothenate 

200 7 
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Biotin 

0.8t 

Riboflavin 

400 T 

Nicotinic acid 

80(i7 

p-aminobenzoic acid 

I.O7 

Tomato eluate 

200 mg. 

K 2 HPO 4 

1 gm. 

KH 2 PO 4 

1 gm. 

MgS04-7H20 

400 mg. 

NaCl 

20 mg. 

FeS04-7H20 

20 mg. 

MnS04 ’ 4 H 2 O 

20 mg. 

Z( — )-Arginine hydrochloride 

400 mg. 

cZZ-Alanine 

400 mg. 

eZZ-Aspartie acid 

800 mg. 

dZ-Glutamic acid monohydrate 800 mg. 


Z( — )-Histidine monohydro- 
chloride 400 mg, 

^( — )_Lygine hydrochloride 400 mg. 
dl-PhenylaljLnine 400 mg. 

l(“)-Proline 400 mg. 

di-Seri ne 400 mg. 

i( — )-Trytophane 400 mg. 

dZ- Methionine 400 mg. 

dZ-Threonine 400 mg. 

dZ-Tyrosine 400 mg. 

dZ-Valine 400 mg. 

dZ-Leucine 400 mg. 

dZ-Tsoleucine 400 mg. 

Z( — )-Cystiiie 400 mg. 


Adjust to pH 6. 5-0. 8 and dilute with water to one liter. 

Tyrosine is dissolved in 0.1 N NaOH, cystine in 0.1 n HCl; all 
other amino acids arc dissolved in water and adjusted to neutrality 
using aqueous phenol red as the internal indicator. 

Tomato Juice Eluate — “The contents of a large can of tomato 
juice (1350 ml.) are diluted with an equal volume of distilled water 
and centrifuged. The supernatant fluid is clarified by mixing with 
120 gm. filter-cel and filtering with suction. The clear filtrate is 
adjusted to fB. 3 with sulfuric acid. Forty grams of Norit A are 
added and the suspension is shaken mechanically for 30 minutes. 
The Norit A, on which the active material is adsorbed, is collected 
by filtering through a thin mat of filter-cel. The Norit is suspended 
in 250 ml. of 50 per cent ethanol and then collected by filtering 
through the original mat. The active material is next eluated from 
the Norit as follows: The Norit and the 'filter mat are suspended 
in 200 ml. of a pyridine-ethanol-water mixture (1:2:1 by volume). 
The suspension is heated to approximately 60° and shaken mechan- 
ically for 15 minutes. The eluate is collected by filtering through 
filter-cel and the Norit is treated with the pyridine-ethanol-water 
mixture in the same manner tw'o additional times. The filtrates 
are combined and evaporated to near dryness by vacuum distilla- 
tion. A small amount of distilled w^ater is added and the solution is 
neutralized with NaOH to facilitate removal of pyridine. The 
vacuum distillation is then continued until the pyridine is com- 
pletely removed. 

'further purification and concentration of the active material 
is accomplished by hydrolyzing with sulfuric acid in order to 
break down protein impurities and then repeating the adsorption 
and elution processes. The material is refluxed for 24 hours with 
40 ml. of 8N H 2 SO 4 . Then a hot saturated solution of barium 
hydroxide is added until the hydrolysate is basic to congo red but 
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acid to litmus. The BaSOi is removed and washed two times with 
hot water. The hydrolysate and washing are combined and ad- 
justed to pH 3. Any precipitate Which forms at this point is 
removed by centrifuging. The adsorption and elution are then 
repeated as described above using 8 gm. of Norit A and 100 ml. 
portions of the elution mixture. After removal of the pyridine- 
ethanol-water mixture by vacuum distillation, a water solution 
containing 5 mg. of dry solids per ml. is prepared. During the 
elution some of the Norit may become colloidal and hence ex- 
tremely difficult to filter. This difficulty can be overcome by add- 
ing a little fresh Norit.” 

Assay Procedure- Stock solutions of Lactobacillus are carried 
as stabs on 0,8 per cent agar, 1 per cent peptonized milk, 1 per cent 
tryptone, and 200 ml. of filtered tomato juice per liter. The stabs 
are transferred every month and incubated for 24 hours at 35° 
and the new cultures are stored in the refrigerator. Cultures for 
assay are grown on the above medium without agar and after 24 
hours incubation* the cells are centrifuged ascep tic ally, w^ashed 
once with 0.9 per cent saline and then suspended in saline. One 
drop of a very dilute saline suspension is used for each assay tube. 

Graded quantities of the amino acid solution are added in dupli- 
cate to a series of tubes. The range of standards is from 0.0 to 0.1 
mg, of d/- valine, dZ-Ieucine, and d/-isoleucine. Successive tubes 
should not differ by more than 0.02 mg. At least 3 levels of the 
neutralized (pH 6 . 5-6.8) protein hydrolysate are used. Five ml. of 
the appropriate assay medium are then added to all tubes and then 
w^ater to bring the final volume to 10 ml. The contents are mixed, 
plugged with cotton and sterilized in an autoclave for 15 minutes. 
The tubes are cooled, inoculated, and incubated at 35° for 72 
hours. 

The contents are then centrifuged, and 5 ml. aliquots are titrated 
with 0.1 N NaOH using bromthymol blue as the internal indicator. 
The quantities of lactic acid formed in the unknowns and in the 
standard solutions are used to estimate the amount of the amino 
acid present in the unknown. 

Comment: The protein must be completely hydrolyzed. However, 
if during the hydrolysis a portion of the amino acid is racemized, the 
analytical results will be low, as Lactobacillus arabinosus is only 
able to utilize the natural form of the essential amino acid. 



CHAPTER V 


PART III 

LEUCINE, ISOLEUCINE, AND VALINE IN 
VARIOUS PRO,TEINS i 

As in the preceding chapters, all values given in the following 
tables have been calculated as gm. of amino acid per 16.0 gm. of 
nitrogen. In many instances, especially when the Fischer ester 
distillation was employed, the values for leucine reported in the 
literature include isoleucine. These cases have been indicated in 
the tables (cf. Abderhaiden and Weil, 18). 

In spite of the obvious difficulties in the Fromageot oxidation 
procedure for leucine and valine, the agreement among various in- 
dependent investigators using this and the more accurate isotope 
dilution method is good {cf. the analyses of hemoglobin). The oxi- 
dation method, Avhich permits an estimation of the quantities of 
leucine, isoleucine, and valine in as little as 100 mg. of protein, 
appears to the authors to be somewhat more accurate and many 
times easier than the only other well described po’oeedure, namely 
that of Fischer. The microbiological procedure of Lyman et al. 
(433B) and the chromatographic methods of Gordon, Martin, and 
Synge (261 etc.) are recommended. 

The Fromdgeot values reported in the tables follow-ed by the 
± sign have been calculated from 6 or more determinations wLere 
the range is indicated by twice the standard error, P = 0.05 {cf. 
Chapter I). These are considered to be more accurate than those 
values given without this range. 


Leucine, Isoleucine and Valine in Animal Proteins 

Calculated to IG 0 gm. N. 


aOURCK 

MKT HU 

IlBraRENOB 

NITHO- 

Q£N 

rj;uciNB 

ISO- 

IjBUCINI! 

valine 

Albuminoida: 




per cent 

gm. 

gm. 

gm. 

Gelatin 

Fromageot-Block 

unpublished 


16.6 

3.7±0.5 

1.1±0.2 

2.1L1.0 macro 

Gelatin 

Dakin 

Dakin 

185 

18.0 

6.8, 

0.0 

0.0 

Gelatin 

Fischer 

Fischer 

222 

(16.0) 

2.1 


1 n 

Gelatin 

Fischer 

Koesel 

383 

(16.0) 



+ 

Gelatin 

Bergman n 

Stein 

588 A 

(18.3) 

i 3.0 



Gelatin 

Chromatographic 

Gordon 

261B 


5.9 


2.3 a 

riflh Gelatin 

Fromageot-Block 

unpublished 


11.8 

2.3+i.y 

l.liO.l 

3.4+0. 5 

Klastin 

Ehrlioh-Brazier 

Stein 

586 

17.1 

28.1 


12.6 a 

Collagen 

Bcrgtnann 

Stein 

S88A 

(18.6) 

3.6 



Gelatin 

Lyman 

Lyman 

433B 

(16.0) 

3.3 ' 

1.7 

2.5 

Gelatin 

Lyman 

Beveridge 

700 

18.2 

3.3 

2.6 

2.0 

Gelatin 

Lyman 

unpubliahed 



3.1 

1.7 

2.8 

Gelatin 

Neuroepore 

Ryan 

762 

16.0 

3.6 



Entire Aniinala: 








Rat 

Isotope 

j Schoenheimer 567 


10.8 
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Leucine, Isoleucine and Valine in Animal Proteins (Continued) 

Calculated to 10.0 gm. N. 


SOURCE 

UETHOD 

REFERENCE 

NITRO- 

GEN 

LEUCINE 

150- 

LEUGINE 

TALINE 





per cent 

gm. 

gm. 

gni. 


BloodT 









Hemoglobin-Horse 

Fromageot-Block 

unpublished 


16.7 

16.8±3.0 

1.4±0,3 

6.5±0.7 

macro 

Hemoglobin-Horse 

Fromageot-Block 

unpublished 


16.7 

16.6±2.4 

1.6±0.3 

9.1+1. 1 


Hemoglobin-Horse 

isotope 

Foster 

705 

16.8 

14.4 




Hemoglobin-various 

Fromageot 

Roche 

552 

(10.7) 

16.4±1.6 


8.9±1.2 


Hemoglobin 

isotope 

Ussiug 

626 

(16.7) 

16.3 




Globia-Human 

Fromageot 

Fromageot 

247 

14.9 

17.2 


9.8 


Globin-Beef 

Lyman 

unpublished 



15.5 

<0.1 

7.7 


Globin-Human 

Lyman 

unpublished 




0,1 

8.9 


Globin-Human 

Lyman 

Devlin 

704 


18 

0.3 

12.8 


Globin-Rabbit 

Lyman 

unpublished 




1.7 

8.8 


Hemoglohin-?ig 

Lyinan 

unpubliaheti 




1.6 

8.7 


Hemoglobin-Sbcep 

Lyman 

unpublished 




0.3 

9.2 


Hemoglobin-Turtle 

Lyman 

unpublished 




4.1 

7.1 


Hemoglobin-Horse 

Lyman 

McMahan 

708 

(16.7) 



8.4 


Fibrin-Cattle 

Fromageot-Block 

unpublisht'd 


13.4 

14.3±3.9 

5.040.5 

3.911.8 

macro 

Serum Protcina 

Fromageot-Block 

unpublished 


1.5.0 

18 

2.7±0.2 

6 


Bence-Jones 

Fischer 

Abderhalden 

11 

(Ifl.O) 

11 



a 

Bence- Jones 

Fischer 

Hopkins 

308 

16.2 

5.4 

1 

5.5 


7 -Globulin 

Lymafi 

unpublished 


14,2 

8.2 

3.3 

10.1 


Brain: 









Animal 

Fromageot-Block 

unpublished 


14.2 

13.4±2.2 

3.6±0.3 

4.910.7 


Beef 

Lyman 

ScLweigert 

711 


7.4 

5.1 

4.8 


Egg Proteins: 






* 



Whole 

Fromageot-Block 

unpublished 


14.0 

19.0L2.1 

5, 3+0.3 

4.410.6 


Albumin 

Fischer 

Osborne 

497 

15.5 

11.1 


<3 

a 

Albumin 

Ninhydrin 

Virtanen 

G63 

12.1 


— >24 < 


ab 

Albumin 

Bergmann 

Stein 

588A 

(15.5) 

9.4 




Vitellin 

Fischer 

Abderhalden 

13 

(16.0) : 

11 


<3 

a 

Vitellin 

Fischer 

Osborne 

495 

16.3 ‘ 

10 


2 

a 

Livitin 

Ehrlich-Brazier 

Jukes 

348 

15.5 

U 


10 

b 

Egg Shell Membrane 

Fischer 

Abderhalden 

14 

(16.0) 

<8 


>1 

a 

Albumin 

Lyman 

McMahan 

44 9 A 




6.8 


Whole 

; Lyman 

unpublished 


11.2 

9.2 

8.0 

7.3 


Feeds and Fofxla: 









Menhaden Meal 

Fromageot-Block 

unpublished 


116 

10 

4.0±2.2 

4 


Tankage 

Fromageot-Block 

unpublished 


10.6 

13 

2.5L0.2 

6 


Skim Milk 

Fromageot-Block 

unpublished 



13 

5 

5 


Shark Meat 

Lyman 

unpublished 



6.4 

5.2 

4.3 


Fiflh Meal 

Lyman 

unpublished 


11.4 

7.1 

6.0 

5.8 


Keratins: 









Wool 

Fischer 

Abderhalden 

16 

(15.6) 

11 


<3 

a 

Wool 

Martin 

Martin 

437 


10.8 


4.8 

a 

Wool 

Chromatographic 

Martin 

439 


11. 1 




Wool 

Chromatographic 

Gordon 

261B 


9.3 


5.2 

a 

H^-Horae 

Fischer 

Abderhalden 

9 

(16.0) 

7.1 


1 

a 

Hair-Rabbit 

Fromageot-Block 

unpublished 



7.1±2.0 


2.710.7 


Hair-Hog 

Fromageot-Block 

unpublished 


15.1 

9.6± 1.0 

3.6 

6.310.6 


Hom-Cattle 

Fischer 

Abderhalden 

16 

(14.1) 

>18 


<5 

a 

Horn -Cattle 

Fischer 

Fischer 

224 

(15.1) 

19.2 


6 

a 

Hoof-Cattle 

Fromageot-Block 

unpublished 


14.8 

15.4±1.6 

4.4 

5.010.5 


Feathera-Goose 

Fischer 

Abderhalden 

10 

(16.0) 

8 


<1 

a 

Spongin 

Fischer 

Abderhalden 

12 

(16.0) 

<8 



a 

Silk Fibroin 

Fischer 

Abderhalden 

20 

19.0 

2.1 




Silk }ilbrdn 

Ba'gmana 

Stein 

588A 

(19.0) 

0,8 




Silk Fibroin 

Lyman 

McMahan 

44gA 

(19.0) 



2.7 


ScylUuro stellare 

Fischer 

Pregl 

529 

15.1 

G.l 



a 
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J^ucine, Isoleucine and Valine in Anitnal Proteins (Continued) 

Calculated to 16.0 gm. N. 


SOURCE 

UETUUD 

BErjRENCi: 

NITRO- 

GEN 

LEUaifE 

180- 

leucine 

VALINE 





1 

jer cent 

gm. 

gm. 

gm. 

Mctallo Proteins: 








Muscle Globina 

Fromageot 

Hoche 

552 

(16.0) 

16 


4to5 

Hemocyanins 

Fromageot 

Roche 

552 

(16.0) : 

10.2±2.4 


5.8+1. 3 

Milk Proteins: 








Casein 

Fischer 

Foreman 

240 

15.6 

10.0 


6.1 M 

Casein 

Fromageot 

Fromageot 

247 

15.0 

12.1 


7.0 

Casein 

Fbcher 

Levene 

415 

(15.4) 

9 

<2 

7 

Casein 

Fischer 

Levene 

416 

(15.4) 

7.2 

1.5 

7.0 

Casein 

Jlscher 

Osborne 

502 

15.5 



7.5 

Casein 

Dakin 

Plimraer 

523 

14.1 

13.6 


a 

Casein 








Casein 

Lyman 

Lyman 

433B 

(15.0) 

g.9 

6.5 

6.7 

Casein 

Lyman 

Hegsted 

728 

(15.0) 

7.9 


5.4 

Casein 

Ly man 

McMahan 

708 

(14.5) 



7.4 

Casein 

neiirapora 

Regnery 

709 

(14.5) 

12-14 



Casein 

neurospora 

Ryan 

708 

(14.5) 

10.8 



Casein 

Lyman 

Schweigert 

711 

(14.5) 

10.6 



Laotalbumin 

Fischer 

Jones 

340 

15.4 

15 


<4 a 

I^ctalbumin 

Lyman 

unpublished 



10.4 

» 6.4 

6.4 

jS-LactoglobuIin 

Fromageot-Block 

unpublished 


15.4 

17.7+4.2 

6.6+0.6 

7.9+ 1.4 

^-Lactoglobulin 

isotope 

Foster 

721A 

1,5.6 

16.1 


6.2 

P-Lactogiobulin 

Lyman 

McMahan 

751 

(15.0) 



6.2 

P'Lactoglobulin 

neurospora 

Ryan 


(15.5) ■ 

15.9 



Milk-Cow 

Fromageot-Block 

unpublished 


15.2 

12.2+3.1 

4, 5+0.4 

4. 5+0.4 

Milk-Cow 

*Fromageot 

Williamson 

712 

16.0 ' 

16.8 

5.4 

5.4 

Milk-Human 

Fromageot-Block 

unpublished 


15.2 

12.1 + 3.9 

5. 2+0. 3 

5.5+1. 5 

Milk-Human 

Fromageot 

Williamson 

712 

16.0 

16,2 

5.3 

4.7 

Miscellaneous: 








I,ien3 

Fischer 

Hijikata 

298 

(16.0) 

7 


1 a 

Protamine 

Ehrlich-Brazier 

Hirokata 

299 




6.5 

Thymus Histone 

Lyman 

unpublished 



6,9 

5.6 

4.2 

Insulin 

neuroepora 

Ryan 

710 

(15.5) 

14+1 



Muscle: 








Cod 

Fischer 

Abderhaldcn 

24 

13.6 

9 

2 

<5 

Fish 

Fischer 

Osborne 

493 

(16.0) 

10.3 


1 a 

Scallop 

Fischer 

Osborne 

496 

17.1 

8 


a 

Animal 

Fromageot-Block 

unpublished 


15.4 

12.1+1,1 

3. 4+0.2 

4-6 

Ox 

Fischer 

Osborne 

498 

11.7 



<1 a 

Rabbit Myoein 

Fischer 

Sharp 

575 


10.6 


3 a 

Horae-Meat 

Lyman 

unpublished 



8.0 

6.3 

5.8 

Veal 

Lyman 

Schweigert 

711 


6-9 

5-6 

5-8 

Lamb 

Lyman 

Schweigert 

711 


8 

6 

5 

Pork 

Lyman 

Schweigert 

711 


7-8 

5-6 

5-6 

Beef 

Lyman 

Schweigert 

711 


8 

6 

5 

Tissue: 








Glands 

Fromageot-Block 

unpublished 


15.1 

11.8+2.0 

3.4+0.2 

4. 0+0.6 

Beef-Liver 

Lyman 

Schweigert 

711 


8.4 

5.6 

6.2 

Beef-Heart 

Lyman 

Schwdgert 

711 


8,4 

5,2 

6.3 

Beef-Kidney 

Lyman 

Sebwagert 

711 


8.0 

5.6 

5.3 

Beef-Tongue 

Lyman 

Schweigert 

711 


7,7 

5.7 

5.0 

Thymus Histone 

Lyman 

unpublished 



6.9 

5.6 

4,2 


a Leuotne and Isoleucine 
b Isoleucine and Valine 
ab Leudne, Isoleuoine, and Valine. 



238 


AMINO ACID COMPOSITION 


Leucine, leoleucine, and Valine in Plant Proteins 

Calculated to 16.0 gni. N. 


80DBCX 

UETHOD 

% 


^ITRO- 

CEN 

LEOCTNE 

rao- 

LBaCINE 

VALINE 





per cent 

gm. 

gm. 

gm. 


Corn Proteins: 









Whole Corn 

Fromageot'Block 

unpublished 


12.7 

21.5+2.4 

3, 6+0.3 

4.6+ 0.7 


Genn 

Fromageot-Block 

unpublished 


11.8 

18.3+3.1 

3. 7+0.4 

5.8+1. 2 


Germ 

neuroepora 

Hodson 

707 


6.7 




Gluten 

Fromageot-Block 

unpublished 


12,7 

24.7+3.7 

4. 9+0. 3 

4. 6+1. 4 


Bran 

Fromageot-Block 

unpublished 



10.3+3.4 

3. 7+0.4 

4.8+2. 3 


Zein Residue 

Fromageot-Block 

unpublished 


10.9 

11.0+2.9 

2.0+ 0.3 

5.5+ 1.0 


Zein 

Fromageot-Block 

unpublished 


15.3 

22.0+1.4 

4. 2+0.4 

1.7+0. 5 


Zeiu 

Fromageot-Block 

unpublished 


15.3 

26.5+2.5 

4. 3+0. 3 

2. 8+0. 9 


Zein 

Fromageot-Block 

unpublished 


15,3 

23.6+2.4 


2.7+ 1.3 


Zdn 

Ehrlich-Brasier 

Brazier 

129 

17.5 

24.6 


9.2 

a 

Zein 

Dakin 

Dakin 

189 

16.1 

26 

0 

0 

b 

Zein 

Dakin 

Dakin 

189 

16.0 



1 


Zein 

Fischer 

Osborne 

490 

16.1 

18.2 


<1 

a 

Zein 

Fischer 

Osborne 

499 

16.1 

19.6 


1.9 

a 

Zein 

Fischer 

Osborne 

500 

16.1 

18.8 



a 

Zein 

N inhydrin 

VLrtanen 

663 

14.5 


— 

ab 

Albumins 

Fromageot-Block 

unpublished 


11.5 

11.3+4.1 

1. 3+0.4 

2.5+1. 1 


Gluten Meal 

Fro mageot-B kick 

unpublished 



19.6+3.8 

3.7+0. 3 

1. 5+0.7 


Leaf Proteina: 









Alfalfa 

Fromageot-Block 

unpublished 


10.6 

11 

5. 4+0.2 

6 


hfiscellaneous: 









Bread 

Fromageot-Block 

unpublished 


11.3 , 

11.2+1.6 

2.8+0.3 

3. 1 + 0.5 


Cottonseed Globulin 

Fromageot-Block 

Fontaine 

238 

16.7 

8.1 

2.f 

5,8 


Cottonseed Globulin 

Fromageot-Block 

Fontaine 

238 

16.9 

8.5 

2.3 

5.8 


Cottonseed Globulin 

Fromageot-Block 

Fontaine 

238 

17.9 

7.5 

2.2 

6.7 


Cottonseed Flour 

Lyman 

Lyman 

433B 

6.8 

5.0 

3.4 

3.7 


Coconut Globulin 

F^cber 

Jones 

339 

18.5 

6 


4 

a 

Edeatin 

Fromageot 

Fromageot 

247 

18.0 

6.6 


5.1 


Edestin 

Fischer 

Levene 

416 

(18.6) 

7 


5 

a 

Edestin 

Lyman 

Hegsted 

768 

(18,4) 

4.7 


4.1 


Flasseed Meal 

Fromageot-Block 

unpublished 



<5 

1. 5+0.2 

7.5+ 0.6 


Gramicidin 

Bergmann 

Hotchkiss 

310 

14.8 

24.0 




Gramicidin 

Chroma togr a pbic 

Gordon 

26 lY 


30.3 


22,2 


Hordein 

Fischer 

Kleinschmitt 

369 

17.2 

7 


<2 

a 

Kafirin 

Fischer 

Jones 

3.39 

16.4 

15 


4 

a 

Legumelin 

Fischer 

Osborne 

492 

18.0 

9 


1 

a 

Lupin Meal 


Heinrich 

286 

7 

9 


<2 

& 

linseed Meal 

Fromageot-Block 

unpublished 



7. 5+2.8 

3. 4+0.3 

5. 8+1. 3 


Mold 

Ehrlich -Brazier 

Wotilley 

689 

5.15 

4.3 

0.7 

0.2 


Ricin 

Fischer 

Karrer 

355 

(17.0) 

15 


2 

a 

Soybean Meal 

Fromageot-Block 

unpublished 



7.7+0.8 

4, 0+0.4 

4.510.4 


Soybean Meal 


Heinrich 

286 

? 

9 


<2 

a 

Soybean Meal 

Lyman 

Lyman 

433B 

7.0 

6.6 

4.7 

4.2 


Virus 

Ehrlich-Bergmann 

Roes 

557 

15.9 

7.1 


4.6 


Tyrocidine 

Chromatograpbie 

Gordon 

26IE 


11-13 


8.7-10.7 


Tyrocidine 

Lyman 

Christensen 

713 


12.3 


10.2 


Sunflower Seed 

Lyman 

Block 

701 


6,2 

5,2 

5.2 


Sesame Seed 

Lyman 

Block 

701 


7.6 

4.8 

5.1 


Rice, White 

Lyman 

unpublished 



9.0 

5.3 

6.3 


Peanut Proteins: 









Meal 

Fromageot-Block 

unpublished 


10.4 

7.6±2.4 

2. 7+0.3 

7.5+0. 7 


Meal 

Lyman 

Lyman 

433B 

7.2 

5.5 

. 3.4 

4.0 


Aracbin 

Fischer 

Johns 

322 

18.3 

<4 


1 

a 
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Leucine, Isoleucine and Valine in PlaTd PrUeina (Continued) 

Calculated to 16.0 gm. N. 


SOURCE 

UETHOD 

RBFIRE^ICB 

NITBO- 

UZN 

LEUCINE 

i 

ISO* 

LEUCINE 

TALim 





per cent 

gm. 

gm. 

gm. 

Wheat Probdus: 








Ylbole Grjun 

Lyman 

Lyman 

433B 

2.3 

5.8 

3.3 

3.5 

Germ 

Fromageot-Block 

unpublished 



7. 4+2. 3 

, 3,0±0.5 

4.1±1.0 

Flour 

Fromageot-Block 

unpublished 


12.6 

12.0+2.6 

3.7+0.2 

3. 4+0. 5 

Wheal Flakes 

Lyman 

unpublished 



9.1 

4.5 

5.0 

Gliadin 

Pisolier 

Osborne 

489 

17.7 

5 


<1 a 

Gliadin 

Fischer 

Osborno 

503 

, 17.7 

6 


3 a 

Gliadin 

neurospora 

Ryan 

710 

(17.1) 

6.1 



Glutenin 

Fischer 

Osborne 

489 

17.5 

6 


<1 a 

Gluten 


Fadoa 

508 

T 

9 


>3 a 

Breakfast Foods 

Fromageot-Block 

unpublished 



10 

4.2+0,2 

5.0±0.8 

Yeast Proteins: 








Mixed 

Froiriagent-BIock 

unpublished 



13.2+2.5 

3.4±0.2 

4.4+0.8 

Brewer’s 

Microbiological 

unpublished 



7.3 

6.0 

5.3 

Yeast-Maxiuium 

Lyman 

Block 

702 


8.5 

6.2 

5.9 

Yeast-Minimum 

Lyman 

Block 

702 


6.1 

5.5 

4.6 

Yeast-Brewer's 

neurospora 

Hodson 

707 


6.1 

• 



a Leucine and laolcucine. 
b Isoleucine and Valine, 
ab Leucine, Iwileuelne, and Valine. 




CHAPTER VI 


^ I 

THE DICARBOXYLIC AMINO ACIDS 

ASPARTIC ACID AND GLUTAMIC ACID 



Aspartic Acid 

Glutamic Acid 

Empirical Formula 

i C 4 H 7 O 4 N 

C 5 H 3 O 4 N 

Melting Point 

i 251° 

197-198° ' 

Molecular Weight 

133.07 

147.08 

Carbon 

36.08 

40.80 

Hydrogen 

5.31 

6.17 

Nitrogen 

10.53 

9.50 

Oxygen 

48.11 

43.51 

Optical Form 

/ 

d 


PART I 

H YDROLYSIS: The authors are not familiar with any ex- 
periments on the losses of glutamic and aspartic acids during 
hydrolysis. Woodward, Reinhart, and Dohan (687) have 
shown that only 50 to 70 per cent of the glutamic acid present in a 
protein hydrolysate could be recovered following the removal of 
humin by treatment with CuaCh or after extraction of the mono- 
aminomoiiocarboxylic acids (sic) with butyl alcohol. Calvery (139) 
has shown that butyl alcohol extracts a portion of the dicarboxylic 
amino acids as well as the monoaminomonocarboxylic acids. 

Is is expected that since the recent introduction of rapid micro 
procedures for the quantitative determination of glutamic acid in 
protein hydrolysates by Cohen (167) and others, the question of 
hydrolytic losses of this amino acid will be investigated. 

f^-Hydroxy Gluta7mc Acid: The large quantities of jS-hydroxy- 
glutamic acid which have been reported (184) to occur in casein 
and other milk proteins could not be found by Nicole t and Shinn 
(477) using their highly specific periodate method. However, evi- 
dence that a small quantity of this amino acid may exist in casein 
(0.33 per cent) has been presented by Gulland and Morris (271). 
Bailey, Chibnall, Rees, and Williams (158) have presented evi- 
dence that even this small quantity may have been erroneous. 
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CHAPTER VI 
' PART II 


1. The IsoixiTioN or Aspartic and Glutamic Acids 

A. Direct Isolation of Glutamic Acid {Hlaziwetz and Habermann 
300) 

Historical: In 1873, Hlaziwetz and Habermann (300) showed that 
glutamic acid hydrochloride could be isolated directly by concen- 
trating a casein hydrolysate which had been prepared by boiling 
with 18 to 20 per cent HCl containing approximately 19 per cent 
of SnCb. 

Comment: Although, this general procedure has been used for 
many years, Osborne and Jones (501) pointed out, as long ago as 
1910, that the separation of glutamic acid as the hydrochloride de- 
pended on conditions not clearly understood and that check re- 
sults may not be significant but only fortuitous. 

R. Ester Distillation {Fischer, 220) 

Principle: Glutamic and aspartic acids have bee^ isolated from 
the high boiling ester fractions by the Fischer method (220) and 
from the undistilled residue. This method will not be described as it 
seems to have been completely abandoned since Osborne and 
Jones (501) showed, by recovery experiments with the pure amino 
acids, that they could account for only 40 to 50 per cent of the 
original aspartic acid. Abderhalden and Weil (18, 19), somewhat 
later, reported recoveries of glutamic acid of 75 per cent or less and 
of aspartic acid of 45 to 55 per cent by the Fischer ester method. 

Abderhalden and Weil (18) in 1911, said that to estimate best the 
amino acid values, recovery experiments with the pure compounds 
must be run. They also pointed out that an amino acid method 
which works well for one protein may not necessarily be the best 
procedure to use in the analysis of another. This advice holds good 
today, but is often not followed. 

2. Precipitation of Calcium Aspartate and Calcium 
Glutamate by Aqueous Alcohol (Ritthausen, cf. 

649 and Foreman, 239) 

Historical: In 1869, Ritthausen {cf., 649) applied Scheele^s 1793 
method for precipitating organic acids as their calcium salts with 
alcohol, to the isolation of glutamic and aspartic acids. Ritthausen^s 
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procedure was forgotten and independently rediscovered by Fore- 
man (239) in 1914. The calcium salt-alcohol method is commonly 
called Foreman’s method. 

0 

A, Foreman's Modification of the Ritlhausen Procedure {239) 

Method: 1. Hydrolysis, 20 to 40 gm. of protein are hydrolyzed for 
48 hours with 3 volumes of concentrated II Cl. The excess acid is 
removed by evaporation in vacuo. The residue is taken up in 200 
to 400 ml. of water. 

2. Precipitation of Calcium Salts. A good excess of Ca(OH)2, 
as a cream, is added to the hydrolysate. At least 500 mg. of CaO 
should be used per gm. of protein. The excess lime is removed by 
filtration and the precipitate is thoroughly washed with water. The 
filtrate and washings are concentrated in vacuo until 3.5 to 4.0 
ml. of the solution contains the equivalent of 1 gm. of protein.Then 
96-97 per cent ethanol is added slowly with stirring to complete 
precipitation. The precipitate of calcium salts is filtered off and 
washed with ethanol. 

3. Decomposition of Calcium Salts. The precipitate is dissolved 
in 200 to 400 ml. of water and the calcium ion is removed with a 
very slight excess of oxalic acid. Any chloride is removed with 
Ag2S04. After removal of the reagents, an excess of aqueous 
phosph 0-24- tungstic acid is added. Any precipitate is removed and 
the phosphotungstic acid is removed by the addition of an excess 
of warm barium hydroxide. The Ba t + is precipitated with the 
exact quantity of II2SO4. 

4. Extraction of Pyrrolidone Carboxylic Acid. The amino acid 
solution is evaporated to dryness and the residue is extracted with 
glacial acetic acid, to dissolve pyrrolidone carboxylic acid. This can 
also be measured by the difference between total N and amino N. 

5. Calculation of Aspartic and Glutamic Acids. The quantities 
of aspartic and glutamic acids present in the residue can, after 
removal of the acetic acid, be calculated as follows: 

%C - 40.80 1 . 1 . . 

= — Aspartic acid = — X weight of mixture, 

%C - 36.08 R R 

R - 1 

Glutamic acid = - X weight of mixture. 

R 

6. Isolation of Copper Aspartate. The residue from 4 is dissolved 
in hot water and an excess of CuCOs is added to the boiling solu- 
tion. Copper aspartate crystallizes out. 

7. Isolation of Glutamic Acid Hydrochloride. Copper is removed 
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from the copper aspartate filtrate with H 2 S. Then HCl is added and 
the solution is evaporated to a small volume. Glutamic acid hydro- 
chloride crystallizes out. ^ 

Glutamic Acid = 0.^0 X glutamic acid hydrochloride. 

Aspartic Acid = 0.673 X copper aspartate. 

Comment: If only a small quantity of aspartic acid is present, it 
is easier to first remove the glutamic acid as the hydrochloride and 
then precipitate the aspartic acid as the copper salt. 

Foreman (239) pointed out that the degree of precipitation of the 
dicarboxylic acids depends on their concentration with respect to 
water in the initial solution. Thus 1 gm. of glutamic acid in 20 ml. 
of water, resulted in a recovery of 99 per cent. One gm, of glutamic 
acid in 30 ml. of water gave a recovery of only 83 per cent. 

The glutamic acid figures must be corrected for pyrrolidone car- 
boxylic acid formation. 

B. Jones and Moeller^ s Modification of the Ritthausen-Foreman 
> Method { 343 ) 

Principle: Barium hydroxide, as suggested by Dakin (185), 
rather than calcium hydroxide is used to form the amino acid salts. 

Procedure: 1. Hydrolyze 50 gm. of protein witl\ 200 ml. of HCl 
for 30 to 36 hours. 

2. Remove the HCl by concentration in vacuo, 

3. Filter to remove the humin. 

4. Precipitate the bases with phospho-24-tungstic acid according 
to Van Slyke {cf. Chapter I). 

5. Remove the phosphotungstic acid from the filtrate with amyl 
alcohol and ether {cf. Chapter I). 

6. Concentrate the amino acid solution to a syrup and take up in 
300 ml. of water. 

7. Add an excess of baryta until the solution is alkalme to litmus. 
Remove and wash the precipitate. 

8. Saturate the solution with Ba(OH) 2 . 

9. Pour the alkaline solution (600 ml. volume) into 5 volumes of 
ethanol with stirring. Stand 48 hours. 

10. Wash the precipitate with ethanol. 

11. Dissolve the precipitate in 350 ml. of water and precipitate 
the barium salts with 400 ml. of 95 per cent ethanol. 

12. Remove and wash the precipitate. Dissolve it in water and 
remove the Ba++ with HjSO^. 

13. Concentrate the solution to a small volume and saturate it 
with HCl gas at 0*^. Glutamic acid hydrochloride crystallizes out. 

14. Remove the HCl from the filtrate with Ag 2 S 04 . 
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15. Remove the reagents and boil the aspartic acid solution with 
CuCOb. Cool several days. Filter off the copper aspartate, 

16. Concentrate the filtrate tc^a small volume to obtain a second 

crop of copper aspartate. , ♦ 

17. Remove the copper from the filtrate and isolate a second crop 
of glutamic acid hydrochloride. 

Comment: As copper glutamate is somewhat insoluble in water, 
care must be taken that this salt does not contaminate the second 
crop of copper aspartate. 

Jukes (348) evaporated the solution of copper salts to dryness 
and then extracted any copper glutamate with 6 one hundred ml. 
portions of water at room temperature. 

Miller (452) avoided the use of silver sulfate to remove HCl from 
the glutamic acid hydrochloride filtrate by the simple expedient 
of precipitating the dicarboxylic acids with barium hydroxide and 
alcohol as in the initial step. 

The removal of HCl from the filtrate of the glutamic acid hydro- 
chloride precipitate is, however, unnecessary. 

ChihnaWs Modification of the Ritthausen-Foreman 
Method {157) 

Procedure: if Hydrolysis and Removal of Ammonia. Boil 50 
gm. of protein with 300 ml. of 1 : 1 HCl for 20 to 24 hours. Remove 
as much of the HCl as possible by concentration in vacuo, dissolve 
the residue in water and add an excess of cream of lime. Filter and 
wash the precipitate. Concentrate the alkaline solution in vacuo 
to remove ammonia. 

2. Precipitation of the Calcium Salts. Concentrate the filtrate 
to 400 ml., the solution should be strongly alkaline to phenol- 
phthalein at this point, and add 3420 ml. of absolute ethanol with 
stirring. Filter the resulting precipitate immediately. Wash with 
absolute ethanol. 

3. Reprecipitation of Calcium Salts. Dissolve the washed precip- 
itate in 300 ml. of water and add 10 ml. of cream of lime. Remove 
and wash any insoluble material. Dilute the aqueous solution to 
400 ml. and reprecipitate the calcium salts with 3420 ml. of abso- 
lute ethanol. Filter off the precipitate and wash with ethanol. 

4. Isolation of Glutamic Acid. Dissolve the precipitate in 800 
ml. of hot water and wash any residue with small portions of hot 
water. Remove the calcium with a very slight excess of oxalic acid. 
Wash the precipitate of calcium oxalate. Concentrate the filtrate 
and washings to 80 ml. Remove any further quantity of (COO) 2 Ca 


• Best isolation method. 
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as well as Ca++ and (COOH) 2 . Add 20 ml. of concentrated HCl and 
evaporate the solution to a thick syrup in vacuo. Add a further 
quantity of concentrated HCl or HCl gas. The glutamic acid will 
crystallize out as the hydrpchloride after standing for several days 
in a cold place. 

5. Purification of Glutamic Acid. Filter and wash the crystals 
of glutanoic acid hydrochloride on a sintered glass crucible and re- 
crystallize the precipitate from 20 ml, of boiling water and 5 ml. of 
concentrated HCl. Evaporate the hot solution to incipient crystal- 
lization. Filter off the glutamic acid hydrochloride, wash it with 
cold HCl and dry. Determine the purity of the compound by its 
optical rotation in 9 per cent HCl (+32®), by nitrogen (7.64 per 
cent) and titration of the salt in water to pu 7.3 (brom thymol 
blue). 

Glutamic Acid-O.SOXglutamic acid hydrochloride. 

6. Copper Aspartate. Combine the mother liquors from the 
glutamic acid experiments and evaporate to dryness to remove the 
excess HCl. Dissolve the residue in boiling water and add an excess 
of CuCOa, Wash the precipitate thoroughly with hot water. Con- 
centrate the filtrate and washings to incipient precipitation. Cool 
several days in the refrigerator, remove and wash the copper 
aspartate with water, alcohol, and ether. Dry the copper salt to 
constant weight in a vacuum desiccator. 

Aspartic Acid = 0.673 Xcopper aspartate. 

7. Purification of Copper Aspartate. If necessary, suspend the 
copper salt in hot water and add HCl dropwise until all the pre- 
cipitate dissolves. Then add an excess of CuCOa to the hot solution. 
Filter off the excess CuCOs and wash it thoroughly with hot water. 
Concentrate the filtrate and washings to incipient precipitation. 
Cool for some days and remove the pure copper aspartate as de- 
scribed above, 

8. Isolation of Further Quantities of Dicarboxylic Acids. Acidify 
the filtrates from the copper aspartate precipitations with HCl and 
remove the copper with H 2 S. Concentrate the solution to a small 
volume and precipitate any dicarboxylic acids with calcium hydrox- 
ide and alcohol. Small quantities of glutamic and aspartic acids can 
be isolated from this precipitate by the methods given above. 

Comment: Chibnall, Rees, Williams and Boyland (157) proved 
that the use of CU 2 O or CU 2 CI 2 to ‘‘clean up^^ protein hydrolysates 
results in large losses of glutamic acid (contra cf. below). 

Chibnall (158) says “The true values (by this general method) 
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must be between 1 and 2 per cent of the protein higher for glutamic 
acid and between 0.5 and 1 per cent (higher) for aspartic acid.” 

The Ritthausen-Foreman procedure as simplified by Chibnall 
has given excellent results in our hands. The Quantities of alcohol 
suggested for the precipitation of the calcium salts can, at times, 
be reduced. We have found, following a suggestion of Dr. H. 
Waelsch, that the deeply colored mother liquor can be easily 
removed from the glutamic acid hydrochloride with cold acetone. 
The resulting product is colorless and usually almost analytically 
pure. 

Professor R. Keith Cannan has informed us that the dicarboxylic 
amino acids are quantitatively removed from a protein hydrolysate 
made cation-free by the method of Block (107), by exchange on 
synthetic anion exchange substances. After thoroughly washing the 
^‘zeolite” with water to remove the non- acidic amino acids, the 
dicarboxylic acids are quantitatively removed either by strong 
alkalies or by exchange with mineral acids, cf. Block, 107. 

Van Slyke et al. (636, 637) have suggested that the quantities of 
glutamic and aspartic acids present in mixtures in the absence of 
other amino acids can be calculated from the fact that oxidation 
with ninhydrin yields 1.0 mol of COa with glutamic acid and 1.9 
mols from aspartic acid. 

Bailey, Chibnall, Rees, and Williams (158) have facilitated the 
isolation of pure copper aspartate by removing all the cystine and 
cystine decomposition products before precipitation of the calcium 
salts with alcohol. The hydrochloric acid hydrolysate, after distil- 
lation of the excess mineral acid by repeated concentration in 
vacuo, is warmed to 45 to 50° C and an aqueous suspension of 
cuprous oxide {cf. Chapter III, Part II, Section 5) is poured slowly 
into the rapidly stirred hydrolysate until a test sample show^s an 
excess of CusO to be present and the supernatant liquid is deep 
blue. The solution is stirred an hour longer and is placed at 0° 
over night. The insoluble precipitate is removed and is washed 
thoroughly with ice water. 
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PART III 

1. The Estimation of Glutamic Acid by Conversion to 

Pyrrolidone Carboxylic Acid 

A. Opsahl and Arnow's Method (486) based on the Experiments 
of Pucker { 534 ) and of Wilson (680) 

Principle: Wilson and Cannan (680) showed that in aqueous so- 
lutions, close to neutrality, equilibrium between glutamic acid and 
pyrrohdone carboxylic acid favors almost complete dehydration, 
■^^ile in strongly acid or alkaline solutions, the conversion of pyr- 
rolidone carboxylic acid to glutamic acid is rapid and practically 
complete. 

HOOG • CH— NHz HOOC • CH NH 

I I 

CH2 CH2 +H2O 

I I 

CH 2 COOH CH 2 CO ^ 

Glutamic Acid Pyrrolidone Carboxylic Acid 

Pucher and Vickery (634) found that pyrrolidone carboxylic 
acid could be quantitatively removed from a dilute acid solution 
(pH 2.4 ±0.2) by continuous extraction with ethyl acetate. 

Method: 15 gm. of casein were hydrolyzed with 20 per cent HCl 
for 20 hours. The acid waB removed by concentration in vacuo 
and the residue was taken up in 60 ml. of water. The solution was 
adjusted to pn 3.3 with 15 N NaOH and the glutamic acid was de- 
hydrated by boiling under reflux for 50 hours. The solution was 
concentrated to 30 ml. and any precipitate was removed and 
washed with cold water. 

The pH was now adjusted to 2.5 with HCl and the pyrrolidone 
carboxylic acid was extracted with ethyl acetate in a continuous 
extractor for 50 hours. The solvent was removed and the residue 
was dissolved in 40 ml. of 9 per cent HCl. The acid solution was 
boiled under reflux for 2 hours to convert the pyrrolidone car- 
boxylic acid to glutamic acid. 

The solution was then evaporated to 20 ml. and the glutamic 
acid was precipitated as the hydrochloride after saturation with 
gaseous HCL 

Comment: Although Wilson and Cannan (680) say that pre- 


246 



ESTIMATION OF GLUTAMIC ACID 


247 


liminary experiments along this line (glutamic acid?:^pyrrolidone 
carboxylic acid) do not encourage the hope of developing a simple 
method for the separation or cjetermination of glutamic acid, the 
results of Opsahl and Arnow (486) and^of Woodward and Reinhart 
(688) suggest that this procedure may at times be used advanta- 
geously. 

Woodward and Reinhart (688) increased the extraction of pyr- 
rolidone carboxylic acid from water with ethyl acetate by adding 
10 to 20 per cent of Na 2 S 04 to the water layer (salting out). 


2. The Oxidation of Glutamic Acid to Succinic Acid 
( Arhimo, 34 AND Cohen, 167) 

*A, The Micro-oxidation Procedure of Cohen 
and Krebs {167 and 390) 


Principle: Glutamic acid is oxidized with chloramine T to d-cyano- 
propionic acid. The latter is hydrolyzed to succinic acid. Succinic 
acid is then determined manometrically according to Krebs (390) 
by measuring, the oxygen consumption necessary. to oxidize it to 
fumaric acid by succinic dehydrogenase. 


COOH 
CH2 * 

I 

CH 2 +2 

I 

OHNH 2 

I 

COOH 



COOH 


CH. 


-f-etc. 


CH2 

I 

CN 

I -hHCl+H^O 


COOH CHsCHr COOH 

Reagents: Citrate buffer: Dissolve 17.65 gm. of Na3C6H607*2H20 
and 8.40 gm. of CeHaOz-HsO in water and dilute to 50 ml. 

0.1 M Phosphate buffer {pu 7.4): Dissolve 17.8 gm. of 
Na 2 HP 04 -2 H 2 O in 500 ml. of water, add 20 ml, of n HCl and di- 
lute to 1 liter. 

Chloramine T: Prepare a 10 per cent solution fresh each day. 

Succinoxidase: Wash 50 gm, of minced pigeon muscle 3 times 
with 500 ml. portions of water on muslin. Suck the residue as dry 
as possible and then suspend it in 4 to 5 volumes of 0.1 M phosphate 
buffer. The enzyme keeps 7 to 10 days in the cold before extraction 
with phosphate. 

Apparatus: The standard Warburg apparatus with conical cups 


• Recommended procedure. 
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provided with side-arms and central chambers is used. The side- 
arm should hold 1 to 1.5 ml. 

Method: 1. Oxidation. Adjust an^ aliquot of the protein hydroly- 
sate to pH 4.7 with' 1 to 1^5 ml. of citrate buffer and oxidize the 
glutamic acid with 2 ml. of chloramine T solution by shaking at 40° 
for 10 minutes. Then cool the solution in an ice bath and filter off 
the p-toluene sulfonamide. Wash the precipitate with ice water. 

2. Extraction of Cyanopropionic Acid. Acidify the aqueous 
solution with 4 ml. of 10 per cent H 2 SO 4 and extract the /3-cyano- 
propionic acid with ether in a continuous extractor for 1 to 2 hours. 
Add 2.5 ml. of phosphate buffer to the etheral solution and distill 
off all the ether. Cool the solution and remove any further precipi- 
tate of P-CH3C6H4SO2NH2. 

3. Hydrolysis to Succinic Acid. Add concentrated 11 Cl to the 

aqueous solution of the cyano acid until the concentration of min- 
eral acid is 12.5 per cent. Place the solution in boiling water for 15 
minutes. Cool and add concentrated NaOH, dr op wise, until the 
solution becomes quite hot, add 0.5 ml. of 5 per cent ammonium 
chloride to destroy any chloramine T. Then add a few drops of 
phenol red and sufficient NaOH to make the solution purple. Ex- 
tract the last traces of p-toluene sulfonamide from the alkaline 
solution with ether. * 

4. Extraction of Succinic Acid. Acidify the aqueous solution 
with 3 ml. of 10 per cent H2SO4 (light yellow to phenol red) and 
extract the succinic acid with ether. Add 2 to 3 ml. of m/10 phos- 
phate buffer to the ether layer and slowly distill off the ether. 
Concentrate the aqueous solution to I ml. to remove all traces of 
ether. 

5. Determination of Succinic Acid. Adjust the solution of suc- 
cinic acid to pH 7.4 with phosphate buffer. Place 4 ml. of enzyme 
preparation into the main part of the cup. Then introduce 0.5 
to 1.5 ml. of succinic acid solution into the side-arm and 0.2 ml. of 
2 N NaOH into the center chamber. Measure the oxygen consump- 
tion as usual, subtract the oxygen uptake due to the enzyme alone. 

100 uL of O 2 -I.O 5 mg. of Succinic Acid. 

Comment: Recoveries of succinic acid of 93 to 99 per cent have 
been achieved by this manometric procedure (Krebs, 390; Wood- 
w^ard and Reinhart, 688 ), 

Bovarnick (116) advises hydrolysis of the cyanopropionic acid 
with 20 per cent sulfuric acid for 3 to 4 hours. The second ether 
extraction may be omitted without the introduction of any error. 
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B, Woodward) Reinhart) and Dohan^s Modification of the 
Cohen-Krebs Method (687) 

Procedure: 60 mg. of a proMn hydrolysate in 3 ml. of solution 
are adjusted to pii 4.7 with concentrated MaOH. Brom crcsol 
green is used as the internal indicator. Then 1.5 ml. of 2 m citrate 
buffer of pn 4.7 and 3 ml. of freshly prepared 10 per cent aqueous 
chloramine T are introduced. The solution is shaken at 40^ for 
10 minutes and then cooled in an icebath for 15 minutes. The pre- 
cipitate of P-CII3C6H4SO2NH2 is filtered off and washed with 4 ml. 
of ice water. The volume is adjusted to 11.5 ml. Then 6.4 ml. of 
concentrated HCl are added and the /3-cyanopropionic acid is hy- 
drolyzed to succinic acid by heating at 100^ for 15 minutes. 

The remainder of the procedure is according to Cohen and 
Krebs (167, 390). 

Comment: There arc a number of micro methods available for 
the determination of succinic acid; that of Goepfert (259) appears 
simpler than Pucher and Vickery’s procedure (535). 

Goepferfs Micro-Determination of Succinic Acid\259). The solu- 
tion of organic acids is acidified to Congo paper with H2SO4 and 
heated on the steam bath, n/10 KMn04 is added to the hot solu- 
tion until a thrown precipitate is obtained. The precipitate of 
Mn02 is removed with Na2S03 and the solution is evaporated to 
dryness. The residue is taken up in 15 ml. of water and 2 ml. of 
concentrated H2S()4 arc added. The solution is saturated with 
K2SO4. The aqueous solution is transferred into a liquid-liquid 
continuous extractor by the aid of 4, 3, and 3 ml. portions of a 
saturated solution of K2SO4. The solution is extracted with ether 
for 4 hours or longer. The" ethereal solution is removed and 5 ml. of 
water are added. The ether is distilled off and the final traces are re- 
moved from the water by boiling for 5 minutes. One drop of a 0.3 
per cent aqueous solution of m-nitro-phenol is added and then 
sufficient 0.05 n NaOIT to turn the solution yellow. The solution 
is then decolorized by the addition of 1 drop of 0.1 n HNO.3 and 
a calculated excess of 0.02 M AgNOa and 1 drop of 0.05 n NH4OH 
(to bring the solution to neutrality) are added. The precipitate is 
allowed to form in the dark for 2 hours, after which it is removed 
by filtration through a Gooch or sintered glass crucible. The pre- 
cipitate is thoroughly washed with 3 portions of 1 per cent NH4NO3. 
Then 2 drops of dichlorofluorescorcin (0.1 per cent in 70 per cent 
ethanol) and 7 to 9 drops of 1 per cent chloride-free starch are 
added. The excess silver is titrated with 0.02 M KBr until the pink 
color disappears. 



amino acid composition 

1 m\. oi 0.02 M AgNOjol.18 mg, of Succinic Acid. 

C. The Oxidation Method of^Arhimo and Laine {S4) 

Principle: Glutailiic acid as deaminated to hydroxyglutaric acid. 
The latter is oxidized with KMn04 to succinic acid which is deter- 
mined quantitatively. 

Procedure: 1. Precipitation of Glutamic Acid. The dicarboxylic 
amino acids are separated from the majority of the other amino 
acids by carrying out a Ritthausen-Foreman calcium salt separa- 
tion on one gram or less of hydrolyzed protein. 

2. Deamination. 1 ml. of 2 n sulfuric acid and 2 ml. of 30 per 
cent NaN02 are added to 5 ml. of the calcium-free Foreman precipi- 
tate containing 1 to 10 mg. of glutamic acid. The solution is shaken 
for 10 minutes and the excess HONO is destroyed by boiling. 

3. Oxidation. The solution is cooled to room temperature and 
the hydroxy acids are oxidized with an excess of 1.5 n KMn04. 
After 1 hour, the precipitate is removed and the succinic acid is 
extracted with freshly distilled ether in a continuous extractor for 
48 hours. 

4. Determination. The ethereal solution is evaporated to dry- 
ness and the residue is dissolved in ethanol. An excess of a saturated 
alcoholic solution of silver nitrate is added and thd precipitate of 
silver succinate is removed and w^ashed with alcohol. The precipi- 
tate is dissolved in dilute HNO3 and the liberated silver nitrate is 
titrated with n/200 NH4SCN using Mdhr^s salt as the indicator. 

1 ml. of n/200 NH4SCN o 0.368 mg. of Glutamic Acid. 

Comment: If 25 to 500 mg. of glutamic acid are available, the 
silver succinate can be weighed. 

Glutamic Acid = 0.443xsilver succinate. 



CHAPTER *VI 


PART IV 

1. The Estimation of Aspartic Acid by Oxidation and 
Bromination (Arhimo, 33) 

Principle: Aspartic acid; free from tyrosine, is treated with bro- 
mine and potassium permanganate according to Pucher et aL (532). 
The resulting compound, dibromoxalacetic acid (?), is then esti- 
mated colorimetrically. 

CHNHjCOOH COOH 

I +Br2-bKMn04-^| (?) 

CH2COOH COCBr^COOH 

Reagents: m KBr:11.9 gm. of salt for 100 ml. of water. 

Petroleum Ether: boiling range 35 to 40°C. 

Dinitrophcnylhy drazine ; 5 gm. of commercial dinitrophenyl- 
hydrazine are dissolved in 200 ml., of concentrated HCl and 800 ml. 
of water. The^ solution is boiled 1 to 2 minutes, stirred, and diluted 
to 1000 ml. The solution should be filtered before use. 

Hydrogen Peroxide: Halogen-free peroxide is prepared by 
weakly acidifying 50 ml. of an 8 per cent solution of Na202 with 
dilute H2SO4. 

Method: 1. Precipitation of Aspartic Acid. The aspartic acid is 
precipitated from a protein hydrolysate by the Ritthausen-Fore- 
man method. 

2. Oxidation. An aliquot of solution, containing 0.2 to 2.0 mg. 
of aspartic acid, is diluted with water to 20 ml. Then 3 ml. of 1 : 1 
112864 are added and the solution is boiled gently for 8 to 10 min- 
utes. After cooling, 1 ml. of a saturated aqueous solution of bro- 
mine is added. The reaction is allowed to continue at room tempera- 
ture for 5 minutes. The solution is filtered and the paper is washed 
with water. (Volume = 35 ml.) Then 2 ml. of m KBr and 5 ml. of 
1.5 N KMn04 are added. The reaction is allowed to take place at 20 
to 22° for 10 minutes. The solution is then cooled to 5 to 10° and 
decolorized with 3 per cent H2O2 added dropwise. 

3. Separation of Pen tabromace tone. Any CBr3COCHBr2 which 
may have been formed from citric acid is removed by extraction 
with petroleum ether. 

4. Color Development. The aqueous solution is diluted to 100 
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ml. A 25 ml. aliquot of this solution is placed in a 100 ml. Kjeldahl 
flask together with 25 ml. of water and 0.5 ml. of 1.5 n KHnO*. The 
solution is then decolorized with 2 pil. of 4 per cent Na^S (freshly 
prepared). 40 to 45 pal. of solution are then distilled, using an ap- 
paratus similar to that described by Folin and Wright (229), into 
10 ml. of dinitrophenylhydrazine plus 20 ml. of water. The distil- 
late is cooled and the precipitate is filtered on a Gooch crucible and 
w'ashed with water. The precipitate is dissolved in boiling pyridine 
and the solution is diluted to 25 ml. 

50 ml. of water and 5 ml. of 5 N NaOH are added to a 2 to 5 ml. 
aliquot of the pyridine solution, and the mixture is diluted to 100 
ml. The colored solution is read in a colorimeter using filter 570 mu. 
Aspartic acid is used as the standard. 

Comment: The yield of the brom compound is influenced by the 
temperature at which the KMn 04 oxidation is carried out and by 
the quantity of KBr used. 

Separation of the dicarboxylic amino acids from the monoamino 
acids can be readily achieved with synthetic ion exchangers (c/. 
Cannan, 148). 


2. The Conversion, op Aspartic Acid to 
Fumaric Acid (Dakin, 190) , 

Principle: Aspartic acid is converted to fumaric acid by the fol- 
lowing reactions : 


COOH 

1 

CHNH 2 

(CH3)2S04 

CO-0 

1 1 

CH~N(CH3); 

NaOH 

1 

1 

CH 2 


CH 2 

1 

COOH 


I 

COOH 


HOOC-CH 

HGCOOH 


The fumaric acid is separated from the amino acids by ether ex- 
traction. 

Method: An aliquot of a protein hydrolysate is treated with an 
excess of dimethylsulfate and the solution is kept alkaline for 1 hour 
by the repeated addition of small quantities of 33 per cent NaOH. 
The solution is allowed to stand for 2 hours until it becomes feebly 
acid. Then, the reaction mixture is acidified with dilute H 2 SO 4 
and the fumaric acid is removed by extraction with ether. The 
ether is distilled off and the fumaric acid is weighed. M.P. is 287 
to 290° in a closed capillary. 

Comment: Further results on this method, based on the procedure 
of Engeland ( 210 ), are awaited with interest. 
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3. Miscellaneous Suggestions for the Estimation 
OF Aspartic Acid 

Eegriwe (205) has found that»malic acid^ prepared by the deam- 
ination of aspartic acid, will condense with /3-nifphthol on warming 
in 96 per cent H 2 SO 4 to give a yellow colored compound with a blu- 
ish fluorescence. Glycollic acid from glycine, which interferes, can 
be removed by precipitation of the aspartic acid by the Ritthausen- 
Foreman calcium salt procedures or synthetic ion exchange sub- 
stances or the malic acid can be separated, after deamination, by 
precipitating it in neutral reaction with a slight excess of a satu- 
rated solution of basic lead acetate (McChesney, 445). 

Fromageot and Heitz (245) have suggested that the sum of ser- 
ine, alanine, and aspartic acid can be estimated after deamination 
by oxidizing their respective hydroxy acids to acetaldehyde with 
KMn 04 and MnS 04 . Aspartic acid can be estimated separately by 
this procedure if it is originally separated from the mono amino 
acids. 



, PHAPTER VI 
PART V 

ANALYTICAL RESULTS 

As in the previous chapters, the values given for glutamic and 
aspartic acids have been calculated to 16.0 per cent of nitrogen. 
The great majority of the values given in these tables represent 
minimal figures. In the case of the older analyses, the results for 
glutamic acid are probably 25 to 50 per cent too low, while those 
for aspartic acid are probably only half of the values which would 
be obtained by the best modern methods. These facts should be 
borne in mind when physico-chemical calculations are made using 
the older data. 


Dicarboxylic Amino Acida in Animal Proteins 


Calculated to 16.0 gm. N. 


80TTBCE 

METHOD 

REFERENCE 

NITROQEfT 

GLUTAMIC 

ACID 

ASPARTIC 

ACID 





per cent 

Km. 

gm. 

Albuminoids: 







Gelatin 

Foreman 

Uakin 

185 

18.0 

5 2 

3.0 

Gelatin 

Foreman 

Kingston 

365 


5.4 

8.5 

Collagen 


Theia 

604 

(16.0) 

5.8 

3.4 

Elaetin 

Foreman 

Stein 

586 

17.1 

2.5 

0.0 

Blood Proteins; 







Fibrin 

Foreman 

Bergmann 

67 

17.7 

12.8 

5.3 

Fibrin 

Isotope 

Bittenberg 

547 

15,2 

13.8±0.1* 

11.9* 

Hemoglobin 

Foreman 

Bergmann 

67 

17.0 

3.3 

6.0 

Hemoglobin-Beef 

Foreman 

Chibnall 

158 

(16.7) 

5.G+ 

7.7* 

Hemoglobin-Horse 

Foreman 

Chibnall 

158 

(16.7) 

5.8* 

8.4* 

Seroglobulin 

Foreman 

Cal very 

145 

16.0 

6.8 

4.7 

Bence-Jones 

Fischer 

Abderhalden 

11 

1 (16.0) 

6.0 

4.5 

Bence-Jones 

Foreman 

Cal very 

143 

18.0 

8.6* 

; 4.7* 

Bence-Jones 

Hlasiwetz, Fischer 

Hopkins 

308 

16.2 

7.0 

2.1 

Egg Proteins: 







Egg Albumin 

Foreman 

Chibnall 

160 

15.8 

16.3* 

8.2* 

Egg Albumin 

Foreman 

Jones 

343 

15.2 

14.0 

6.5 

Egg Albumin 

Fischer 

Osborne 

497 

15.5 

9.4 

2.3 

Livetin 

Foreman i 

Jukes 

348 

16.6 

7.0 

3.1 

Vitellin 

Hlaziwets 

Abderhalden 

13 

(16.3) 

12.2 


Vitellin 

Hlaziwets, Fischer 

Osborne 

495 

16.3 

12.7 

2.1 

Hormones, Encymes: 







Pepsin 

Foreman 

CaJvery 

146 

15.4 

18.9 

6.8 

Secretin 

Foreman 

Agren 

28 

(16.0) 

6.4“ 


Insulin 

Foreman 

Jensen 

320 

16.5 

21 
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Dioarboxylic Amino Acida in Animal Proteins (Continued) 


Calculated to 16.0 gm. N. 


SOUSCB 

1 METHOD 

1 HEFERFNCB 

NrraoGEN 

J 

GLUTAMIC 

ACID 

ASPARTIC 

ACID 





per cent 

gm. 

gm. 

Keratins: 

i 






Wool 

Hlaziwetz, Fischer 

Abderhalden 

16 

16.6 

12.3 

2.2 

Wool 

Foreman 

Gordon 

261 


10. 1 

6.5 

Wool 

Foreman 

Speakman 

584 

(16.0) 

15.3* 

7.3* 

Hair-Hoiae 

Fischer 

Abderhalden 

9 

(16.0) 

3.7 


Hair-Go w 

Foreman 

Block 

109 

15.5 

12.2* 

3.0* 

Feathers-Goose 

Fischer 

Abderhalden 

10 

(16.0) 

2.3 


Feat.hera-Giill 

Foreman 

Speakman 

584 

(16.0) 

9.7* 

6.6+ 

Horn-Cattle 

Hlaziwetz, Fischer 

Abderhalden 

16 

15.1 

1 18.2 

2.7 

Horn-Cattle 

Hlaziwetz 

Fischer 

224 


15 


Scyllium 

Fischer 

Pregl 

629 

15.1 

7.6 

2.4 

Egg Membrane 

Fischer 

Abderhalden 

14 

(16.0) 

8.1 

1.1 

Egg Membrane 

Foreman 

Calvery 

142 

16.6 

9.7* 

3.3* 

Spongin 

h’ischer 

Abderhalden 

12 

(16.0) 

18.1 

4.7 

Spongin 

Fischer 

Clancy 

163 


18.4 

4.5 

Liver Proteins: 







Carcinoma 

Foreman 

Chibnall 

157 

16.2 

10.6 

0.9 

Rat 

Hlaziwetz (?) 

Johnson 

336 

(16.0) * 

12.2 


Milk Proteins: 







Casein 

Foreman 

Chibnall 

158 

i 15.6 

21.3 

6.3* 

Casein 

Dakin 

Dakin 

190 

(16.6) 


5.0 

Casein , 

, Foreman 

Foreman 

239 

15.6 

24.2* 

1.8 

Casein 

Foreman 

Foreman 

240 

15.6 

22.3 

1,8 

Casein 

Foreman -Ca (OH) 2 

Opsahl 

486 

15.5 

16.9 


Casein 

Foreman-Ba(OH )2 

Opsahl 

486 

IS. 5 

23,2 


Casein 

Dakin-Foreman 

Opsahl 

486 

15.5 

12.7 


Casein 

Pucher-Wilson 

Opsahl 

486 

16.6 

19.6 


Casein 

Hlaziwetz 

Osborne 

488 

(15,6) 

11.2 


Ca.seiii 

Hlaziwetz 

Osborne 

502 

15.6 

16.1 


Casein-Human 

Hlaziwetz, Fischer 

Abderhalden 

17 

(15.5) 

11.0 

0.3 

Lactalbumin 

Foreman 

Jones 

340 

16.4 

13.4 

9.7 

p-Laetoglobulin 

Foreman 

Chibnall 

160 

15.6 

22.1* 

10.1* 

Muscle Proteins: 







Cod 

Fischer 

Abderhalden 

24 

13.6 

8.8 

0.7 

Ox 

Foreman 

Jones 

343 

16.2 

13.5 

6.0* 

Ox 

Fischer 

Osborne 

498 

16.2 

15.4* 

4.1 

Herring 


Wakamatu 

669 

12.5 

12.7 

4.5 

Halibut 

Foreman 

Jones 

343 

16,5 

13.3 

7.8 

Fiab 

Fischer 

Osborne 

493 

(16.0) 

10.1 

2.7 

Chicken 

Fischer 

Osborne 

493 

(16.0) 

16,5 

3.2 

Scallop 

Hlaziwetz, Fischer 

Osborne 

496 

17.1 

14.1 

3.3 

Myosin 

Foremen 

Sharp 

575 


21.0* 

8.5* 

Tissues: 







Heart 

Foreman 

Chibnall 

157 

14.3 

13.3* 

6.9* 

Lung 

Foreman. 

Chibnall 

167 

15.3 

9.3 


Lena 

Fischer 

Hijikata 

298 

(16.0) 

15.5 


Mouse-Sarcoma 

Foreman 

Chibnall 

157 

16.0 

8.9 


Human-Tumors 

Isotope 

Graff 

265 


11.3-14.6* 


Tumora 

Cohen-Kreba 

Woodward 

687 

(16.0) 

5-12 



♦ "Beat Values." 

* Includes Aspartic Acid. 
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Dicarboxylic Amino Adda in Plant Proteina 


Calculated to 16.0 gm. N. 


SOURCE 

METHOD 

• ^ 

Rf:FEBENCE 

NITROGEN 

GLUTAMIC 

ACID 

ASPARTIC 

ACID 





per cent 

gm. 

gm. 

Autotropic Plants: 







Phormidium 

Foreman 

Mazur 

442 


7.4 

1.4 

Ulva 

Foreman 

Mazur 

442 


12.8 

6.2 

Laminaria 

Foreman 

Mazur 

442 


12.3 

2.p 

Sargassum 

Foreman 

Mazur 

442 


4.9 

9.0 

Chondrua 

Foreman 

Mazur 

442 


13.8 

3.8 

Biologically Active: 







Cytochrome C 

Foreman -Xi trogen 

Theorell 

605 

15.4 

16.4 

5,3 

Cytochrome C 

Foreman-Isolation 

Theorell 

tX)5 

15.4 

6.2 

1.7 

Yellow Enzyme 

Foreman 

Kuhn 

.3!)3 

16.3 

6.8 


Allergen-Cottonseed 

Hlaziwetz, Foreman 

Spies 

585 

19.8 

11.5 


Allergen-Cottonseed 

Hlaziwelz, Foreman 

Spies 

585 

11.6 

15.7 


Ricin 

Fischer 

Karrer 

555 

(17.0) 

19.0 

1.0 

Tobacco Vims 

Foreman 

Ross 

557 

15.9 

6.0 

3.0 

Tyrocidine 

Chromatographic 

Gordon 

261 E 


10-12 

9.3-10.5 

Corn Proteins: 







Zein 

Brazier 

Brazier 

129 

(16.1) 

35.0+ 

3.2 

Zein 

* Foreman 

Dakin 

186 

16.1 

31.3 

1.8 

Zein 

Arbimo 

Laine 

398 

(16.1) 

30.9 

3.4* 

Zein 

Illaziwetz, Fischer 

Osborne 

490 

16.1 

18,3 

1.4 

Zein 

Hiazinetz, Fischer 

Osborne 

499 

16.1 

26.5 

1.7 

Gluten 

Colen-Krebs 

Reinhart* 



24. 5± .4 


Leaf Proteins: j 




1 



Cocksfoot 1 

Foreman 

Miller 



13.1 

5.3 

M iscellaneous : 




I : 



Cottonseed Globulin 

Hlaziwetz j 

Abderhalden 

6 

unc. 

17^.2 


Coconut Globulin 

Hlaziwetz, Daken ! 

Johns 

334 

18.5 

16.6 

4.5 

Coconut Globulin 

Hlaziwetz, Foreman 

Jones 

339 

18.5 

10.2 

3.4 

Arachin 

Foreman 

Johns 

322 

18.3 

14.6 

4,6 

Arachin 

Foreman 

Jones 

343 

18.3 

' 17.0* 

4.9* 

Edesliii 

Hlaziwetz 

Abderhalden 

3 

unc. 

0.3 


Edcstin 

Foreman 

Gordon 

261 


17.5 

10.3 

Edcsti n 

Foreman i 

Jones 

343 

18.8 

16.3 

8.7 

Edestin 

Foreman 

Chib nail 

160 

18.7 

17.8* 

10.3* 

Glydnin 

Foreman 

Jones 

343 

17.0 

17.4 

8.8 

8oy Bean Meal 

? 

Heinrich 

286 

7 

19.1 

3.7 

liUpin 

? 

Heinrich 

286 

7 

27.2 

5.4 

Rubber I.atex 

lore man 

Tristram 

020 

15.0 

12.9 

9.0 

Hordein 

Hlaziwetz, Fischer 

Kleinschmitt 3G0 

17.2 

38.4 

1.2 

Mold 

Foreman 

Woolley 

689 

5.15 

-h 

+ 

Wheat Proteins: 







Gliadin 

Hlaziwetz 

Abderhalden 

7 

unc. 

31.5 


Gliadin 

Foreman 

Chibnall 

157 

17.8 

40.7 


Gliadin 

Foreman 

Cliibnall 

158 

(17.8) 

42.2* 

1.3* 

Gliadin 

Foreman 

Jones 

343 

17.9 

38.4 

0.7 

Gliadin 

Hlaziw’etz, Fi-scher 

Osborne 

503 

(17.7) 

46 


Gliadin 

Hlaziwetz 

Osborne 

489 

17.7 

33.7 


Glutenin 

Foreman 

Jones 

343 

16.8 

24.7 

1,9 

Leucosin 

Hlaziwetz 

Osborne 

489 

16.8 

6.4 

3.2 

Gluten 


Padoa 

508 


20.8 

9.6 


* “Best Valuea.” 

“ Personal Communication. 



CHAPTER VII 

I 

GLYCINE AND ALANINE 



^ Glycine 

Alanine 

Empirical Formula 

CiHsOjN 

C 3 H 7 O 2 N 

Optical Form 


d 

Molecular Weight 

75.05 

89.07 

Carbon 

31.98 

40.42 

Hydrogen 

6.71 

7.93 

Nitrogen 

18.67 

15.73 

Oxygen 

42.64 

35.92 

Melting Point 

225-230“ 

297“ (decomp.) 


PART I 

THE ESTIMATION OF GLYCINp 

1. The Isolation of Glycine 
A, Isolation as Glycine Ester Hydrochloride (Fischer, 223) 

H ISTORICAL: Fischer (223) reported in 1902 that glycine 
could be recovered in good yield (79 per cent) by direct 
precipitation from a casein hydrolysate as the ester hy- 
drochloride. This procedure is useful for preparative purposes 
but not for quantitative analysis. 

B. Isolation by the Ester Distillation Method (220) 

Historical: Fischer, Osborne, and their coworkers found that a 
portion of the glycine which did not precipitate from the amino 
acid mixture as the ester hydrochloride could be distilled in the 
lower boiling fractions by the ester distillation method. Separation 
from the lower boiling ester fractions was from then on rather gen- 
erally employed to estimate the quantities of glycine in protein 
hydrolysates. Lcvenc (414) shoAved that if an excess of picric acid 
were added to the mixture of glycine and alanine, obtained from the 
lowest boiling ester fraction, the glycine would precipitate as the 
picrate provided that not too much alanine was present. The gly- 
cine picrate melted at 190° after recrystallization from water. 

In 1909, Osborne and Jones (498) isolated 1.9 gms. of glycine 
from the loAvest boiling ester fraction (100° bath temperature, 18 
mm. pressure) from 500 gm. of ox muscle hydrolysate, but they 
found 8.5 gm. of glycine in the ether distilled off at atmospheric 
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pressure from the amino acid ester mixture. It had been the usual 
practice to discard the ether distillates because no one believed that 
the relatively high boiling amino aci^ esters could come over at 36° 
and 760 mm. pressure. Tha following year, Osborne and Liddle 
(SdO) isolated considerable portions of glycine, alanine, and leucines 
by acidification of the ether distillate. They said ‘'These results 
show that a not inconsiderable loss of amino acids has occurred in 
past analyses of proteins, through neglect to recover that part of 
them carried over with the ether.’’ This finding added to the other 
known difficulties of the ester method makes the values for glycine 
and alanine estimated by this procedure of qualitative interest only. 

C. Isolation of Glycine Carbamate {Kingston and Schryver, 866) 

Principle: Glycine carbamate is insoluble in cold water. 

Method: The protein is hydrolyzed with 25 per cent H 2 SO 4 and 
the mineral acid is removed by Ba(OH) 2 . The BaS 04 is then re- 
moved and washed. Sufficient Ba(OH )2 is added to react with all 
the carboxyl groups as estimated by formol titration on a small 
aliquot of the hydrolysate. Then 2 to 3 volumes of ethanol are 
added to the solution and the barium salts of glutamic and aspartic 
acids are filtered off after standing several days. 

Powdered Ba(OH) 2 -81120 is then added to the filtrate, during 
constant stirring, until the solution is strongly alkaline to phenol- 
phthalein. A stream of CO 2 is passed into the solution to neutral 
to phenolphthalein. Then more powdered baryta is introduced, fol- 
lowed by CO 2 . This process is repeated a number of times until no 
more N is precipitated. The reactions are conducted at 0° through- 
out. The barium carbamates are filtered off and washed with al- 
cohol and ether. All the barium carbamates except that of glycine 
are soluble in ice cold water. The carbamates are decomposed by 
boiling in water. 

Comment: Dakin (185) found some glycine may be precipitated 
as the barium salt along with glutamic and aspartic acids in the 
Ritthausen-Foreman method. 

D. Isolation of Glycine as the Trioxalaiochromiaie 
[Bergmann and Fox, 64) 

Principle: In 1935, Bergmann and Fox (64) showed that glycine 
formed insoluble salts in dilute acid solution with potassium tri- 
oxalatochromiate. The latter reagent appears to have been pre- 
pared accidentally by Wilton Turner in 1830 (c/. 174) and has been 
studied by Croft in 1842 (174) and by Lapraik (403) in 1893. 

Reagents: Potassium trioxalatochromiate (Croft, 174; Lapraik, 
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403). 19 parts of K 2 Cr 207 are added to a hot saturated solution of 
23 parts of potassium oxalate and 55 parts of crystalline oxalic acid. 
As soon as the action ceases, tjie solution is evaporated to dryness. 
The residue is then taken up in water ;ind theiproduct is allowed to 
crystallize out in a flat glass dish. The salt is recrystallized if neces- 
sary. 

Method: (largely based on Bergmann^s experiments), 5 to 10 gm. 
of protein are hydrolyzed over night with 1 : 1 HCl. The excess acid 
is distilled off in vacuo and the hydrolysate is made alkaline to 
phenolphthalein with KOH. Alcohol is added and the ammonia is 
removed by vacuum distillation. The solution is acidified to ap- 
proximately pH 2 with HCl and is decolorized with charcoal. 

The filtrate and washings are concentrated to 50 ml. Two, 3, 4, 
5, 6, 7f 8, and 9 ml. aliquots of the hydrolysate are pipetted into 
125 ml. Erlenmeyer flasks. Sufficient n/10, n/5, n/2, and n HCl 
is added to each flask so that the final volume in each case is 10 ml. 
and the concentration of HCl is approximately n/10. Three gm. 
of K trioxalatochromiate are added to each flask .and the flasks are 
shaken for 10 minutes to dissolve the salt. At the end of this time, 
20 ml. of absolute ethanol are added and the flasks are shaken on 
the machine for 6 to 8 hours. After standing in the refrigerator over 
night, the prticipitates are filtered off on /3 sintered glass crucibles 
and washed three times with 10 ml. portions of cold alcoholic HCl 
(2:1). The precipitates are dried in air and then dissolved in water. 
The aqueous solutions are diluted to volume and aliquots are 
removed for nitrogen determinations. The glycine content of the 
protein is calculated from those experiments which give the maxi- 
mum precipitation of nitrogen. 

mg. of Glycine — 5. 3GX mg. of Nitrogen 

Comment: Bergmann (64, 69) originally claimed that glycine 
alone, of all the constituents usually present in a protein hydroly- 
sate, was precipitated by K trioxalatochromiate. Later, Bergmann 
and Stein (70) found that this was not true and that some ammonia 
was also precipitated. 

If it is not desirable to remove the NH? from the original protein 
hydrolysate, the glycine precipitated can be estimated by the dif- 
ference in total N and ammonia "N . 

Bergmann and Niemann (69) claim that 88 ±1 per cent of the 
glycine in a protein hydrolysate can be precipitated under the 
optimal conditions by this method. Their experiments were, how- 
ever, carried out before they were cognizant of the ammonia error. 
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TWlsolaliow of Glycine as the Nitranilaie {Town, 617) 

Principle: In 1936, Town (617) claimed that glycine was specifi- 
cally precipitated from an ammonfa-free protein hydrolysate by 
nitranilic acid, 2,5-i^ihydroky-3,6-dinitro-p-benzoquinone, in the 
presence of an excess of alcohol. 

Method: Remove the NH3 from 200 to 300 mg. of a protein 
hydrolysate with baryta. Then precipitate the barium with a slight 
excess of H2SO4. Remove the BaS04 and concentrate the filtrate 
and washings to 4 ml. Add 30 ml, of absolute alcohol and remove 
any further precipitate of BaS04. Then add 5 ml. of a freshly pre- 
pared solution of 300 mg. of nitranilic acid in absolute alcohol. 
Stand over night, filter and weigh the precipitate of glycine nitra- 
nilate. 

Comment: Stein and Miller (586) showed that 82 per cent of the 
histidine present in an amino acid mixture was precipitated along 
with the glycine. The method is, therefore, of value only in the 
absence of histidine (and lysine). However, Town’s use of nitranilic 
acid was responsible for the best isolation method for histidine (c/. 
Chapter I). 

2. The Colorimetric Estimation of Glycine 
A. Zimmermann’s o-Phthaldialdehyde Reaction (697) 

Principle: Glycine gives a violet color with o-phthaldialdehyde. 



Reagent: Zimmermann’s Method (697). Reflux 10 gm. of tetra- 
bromo-o-xylene with 9 gm. of K oxalate, 62 ml. of water and 62 ml. 
of 95 per cent ethanol for 40 hours. At the end of this time, distill 
off 50 ml. of ethanol, and add 10 gm, of NasPOi and 300 ml. of 
water to the residue in the distillation flask. Then distill off 250 to 
300 ml. of water. The distillate is preserved in a dark bottle away 
from sunlight. 

Sandstrom and Lillivik’s Procedure (564): Set up a 1 liter 3 
necked flask with CaCb drying tube, dropping funnel, and stirrer. 
Cool thp flask in ice and add 150 ml. of acetic anhydride, 10 gm. of 
o-xylene, and 8 ml, of concentrated H2SO4. Then dissolve 26 gm. of 
CrOs in a mixture of 50 ml. of acetic anliydride and 60 ml. of glacial 
acetic acid. Add the chromic acid drop by drop with stirring. Keep 
the reaction flask in an ice bath for 4 to 5 hours. Stir the contents 
of the flask constantly. Pour the reaction mixture into a 1 liter 
beaker, one-quarter full of cracked ice. Keep at 4°C. over night. 
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Extract the oil with ether, wash the ether layer with water, aud 
dry it over Na2&04. Remove the ether by distillation. 

The residue consists of acetiq acid and phthaldialdehyde tetra- 
acetate. Add 50 ml. of 10 per cent H2SQ4 to thij residue and steam 
distill as long as a few drops of the distillate give a blue color with 
NH4OH and CH3COOH. This reaction yields approximately 500 
ml of glycine reagent. Store in a dark bottle and bring to pn 7.4 
to 7.8 with phosphate buffer before use. 

Chaudhuri's Method (154) : 



CHO 


Reflux a mixture of 10 ml. of pure CeHaCHO, 8 ml. of CIICI3, and 
30 gm. of KOH in 50 ml. of water. After the reaction ceases, shake 
and then heat iji an oil bath at 140-150° for 6 hours. Distill off the 
excess benzaldehyde and chloroform. Wash the residue with water 
several times and fractionally distill the chloraldehydes in vacuo. 

o-Dichloromethylbenzaldehyde distills at 170-175° and m-di- 
chloromethylbenzaldehyde, the larger fraction, comes over at 192- 
196°. 

Hydrolyze the o-dichloromethylbenzaldehyde with aqueous 
KOH for 40 to 45 minutes. Cool and acidify the solution with HCl. 
o-phthaldialdehyde crystallizes out on standing in the cold. 

Method: Add 10 drops of 2 N NaOH and 8 drops of phthaldialde- 
hyde reagent to a neutral 1 per cent solution of glycine, shake 10 
seconds and then acidify the solution with 10 drops of concentrated 
HCl. A violet color develops. 

Comment: Ammonia, histidine, cysteine, tryptophane, and argi- 
nine disturb the test (Zimmermann, 697; Abderhalden, 22). 

B. Klein and Linser’s Modification of Zimmermann^s Test {368) 

Principle: The only colored compounds of o-phthaldialdehyde, 
besides that due to glycine, which are soluble in CHCL, are formed 
from ammonia and tryptophane. These two substances can be 
readily removed from protein hydrolysates. 

Method: A. Macro. To be used with 0.5 mg. of glycine. Add to 
10 ml. of a neutralized, tryptophane and ammonia-free, protein 
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hydrolysate, 15 ml. of a freshly prepared mixture of 25 parts of 
m/15 phosphate buffer of pn 8.0 and 75 parts of the Zimmermann 
o-phthaidialdehyde reagent. Shak^ for exactly 2 minutes. Then add 
35 ml. of a freshlj^’ prepared mixture of 5 parts of concentrated 
H2SO4 and 30 parts of 95 per cent ethanol. Shake for 2 minutes. 
Introduce 30 ml. of chloroform, shake thoroughly and separate the 
CHCI3 layer. Add 1 ml. of ethyl alcohol for each 5 ml. of CHCI3 
solution. Read the color in a colorimeter against a glycine standard. 
Use a light filter of 570 mu, 

B. Micro. To be used with 0.05 mg. of glycine. To 0.5 ml. of the 
neutralized glycine solution, add 0.75 ml. of buffered reagent. Shake 
for 2 minutes and then add 1 ml. of alcoholic II2SO4. Shake for 2 
minutes and extract the colored compound with 5 ml. of CHCU. 
Remove 3 ml. of the CHCb layer with a pipette and add 0.5 ml, of 
alcohol. Read the violet color. 

Comment: Klein and Linser (368) stress the point that all condi- 
tions must be kept constant as the amount of color formed varies 
with the c\uant\ty of o-phtha\dialdehyde reagent used, etc. They 
suggest removing the NHj from a protein hydrolysate by distilla- 
tion from an alkaline, NaOH, solution in vacuo. The tryptophane is 
precipitated with mercuric sulfate (c/. Chapter II). 

C. Patton^ s Adaptation of the Zimmermann-Klein Method {511) 

Method: 1. Hydrolysis, Destruction of Tryptophane and Re- 
moval of Ammonia. Boil 3 gm. of protein with 50 ml. of 1 : 1 HCl 
until complete solution. Then add 1 ml. of CeHoCHO and hydrolyze 
for 24 hours longer. Concentrate the hydrolysate m vacuo to re- 
move the excess II Cl and CelRCHO. Dilute the residue with water 
and alkalinize the hydrolysate with NaOH or NaHCOs. Remove 
the NH3 by distillation in vacuo. Neutralize the hydrolysate to 
pH 6 to 8 and concentrate the solution to 10 ml. Remove any pre- 
cipitate and wash it with 70 per cent ethanol. Dilute the hydroly- 
sate to 100 ml. 

2. Color Development. To 5 ml. of the tr3^tophane and am- 
monia-free protein hydrolysate, add, in immediate succession, 2 
ml. of m/15 phosphate buffer of pH 8.0 and 5 ml. of the o-phthal- 
dialdehyde reagent. Mix after each addition and stand for 2 min- 
utes. Then introduce 5 ml. of a freshly prepared, cooled mixture of 
60 ml. of ethanol and 10 ml. of H2SO4. Mix and extract the color 
with 10 ml. CHCI3 by shaking for exactly 30 seconds. Separate and 
remove 5 ml. of the chloroform solution by means of a dry pipette. 
Add 1 ml. of ethanol to the CHCU solution and shake the mixture 
until the turbidity disappears. Compare the color with a glycine 
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standard prepared in the same way. A glycine-free protein hydrol- 
ysate such as one prepared from zein is recommended as the re- 
agent blank. Use light filter 560jmu. 

Comment: The Zimmermann method, accoiding to Klein and 
Linser and to Patton, has given rather satisfactory results in the 
authors’ hands. 

The addition of benzaldehyde to the hydrolysate is usually un- 
necessary. 

3. Miscellaneous Methods for Glycine 

Comment: Rapoport (537) has described an oxidation method for 
the estimation of the sum of serine and glycine while Abder- 
halden (24) observed that glycine gives a blue violet color when 
treated in alkaline solution with pyrocatechol, o-dihy dr oxy ben- 
zene. 
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PART II 

THE ESTIMATION OF ALANINE 
1. The Isolation of Alanine 

Comment: The isolation of alanine from the lower boiling amino 
acid esters by the phosphotungstic acid precipitation method of 
Levene and Van Slyke (417) has been described in Chapter V, 
Section 1. 

In 1937, Bergmann and Niemann (68, 69) described a procedure 
for the isolation of alanine as an oxalatochromiate after the re- 
moval of glycine with potassium trioxalatochromiate. Their rather 
involved procedure was applied only to silk fibroin which, as is 
generally known, contains an unusually large quantity of alanine. 
Bergmann’s dioxpyridate procedure has been rarely employed and 
a further detailed description of the general method is awaited. 

2. Calculation ok Alanine from Acetaldehyde 
A. The Method of Kendall and Friedemann {358) 

Prindjde: Alanine is deaminated to lactic acid and the latter is 
determined quantitatively from the yield of acetaldehyde. 

Procedure: Dissolve 10 to 50 mg. of alanine and 500 mg. of 
NaHS 04 in 75 ml. of water and place the solution in a boiling water 
bath. Add, from a dropping funnel, 15 ml. of ‘2.5 per cent NhiNOa 
at the rate of 1 ml. per minute. Then introduce in the .same way, 15 
ml. of 7.5 per cent of urea. Rinse and if necessary precipitate the 
carbohydrates with 20 ml. of a 20 per cent suspension of Ca(()I() 2 . 
Dilute the solution to 250 ml. and determine the lactic acid by oxi- 
dation to CHgCHO with dilute KMnOi in MnS 04 according to 
Friedemann and Kendall (244, c/. Peters and Van Slyke, 516). Dis- 
till the acetaldehyde into sodium bisulfite and titrate the bound 
aldehyde with iodine. 

Comment: Kendall and Friedemann (358) claim that 98 per cent 
of the alanine could be recovered by this method. They did not, 
however, test the procedure on protein hydrolysates. 

McChesney (445) found that malic and citric acids would yield 
acetaldehyde and acetone respectively under the conditions of 
oxidation employed by Kendall and Friedemann (358) for the de- 
termination of lactic acid. He suggested that citric and malic acids 
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be removed by precipitation at neutrality with a slight excess of 
basic lead acetate. The lactic acid which remains in the filtrate is 
estimated by KMn 04 oxidation. 

McChesney (446) reported later that only^Ol per cent of the 
alanine was converted into lactic acii under the conditions de- 
scribed by Kendall and Friedemann; while the production of vola- 
tile aldehydes, other than CH3CHO, from the hydroxy acids of a 
protein hydrolysate, tended to yield high results. 

Furth et aL (253) removed the dicarboxylic amino acids from the 
hydrolysate by the Ritthausen-Foreman method (Chapter VI) and 
prevented the distillation of the higher volatile aldehydes by a 
good fractionating column. Recoveries of alanine added to protein 
hydrolysates varied from 91 'to 96 per cent. 

B. The Modificati07is of Fromageot and Heitz {245) 
and of Desnuelle {194) 

Principle: Permanganate oxidation of the hydroxy acids pre- 
pared from a protein hydrolysate produces, in |he presence of 
mercuric acetate, acetaldehyde only from lactic acid. The acetalde- 
hyde is then estimated colorimetrically by means of the rather 
specific piperazine-sodium nitroprusside reaction. 

Method: 1. 0«:idation. Deaminate the amino acids from a protein 
hydrolysate by any convenient method {cf. A above, also Chapter 
V). To 10 ml. of a solution of the hydroxy acids, add 10 ml. of 
2 N H3PO4, 10 ml. of 10 per cent MnS 04 , and 5 ml. of 5 per cent 
mercuric acetate in 1 per cent acetic acid. Then heat to boiling, 
and introduce 0.2 n KMn 04 at the rate of 1 drop per second for 10 
minutes. Heat 10 minutes longer. Trap the acetaldehyde in NallSOs. 

2. Estimation of CH3CHO. Destroy the excess NaHSOa with 
iodine and remove any surplus I 2 with a drop of 0.1 n NaHSOa. 
Place 1 to 6 ml. of this solution in a test tube and, dilute to 6 ml. 
with a solution containing all the reagents and in the same concen- 
trations as they are present in the unknown except, of course, 
CllaCliO. Add 1.5 ml. of 33 per cent aqueous piperazine and 0.5 
ml. of a freshly prepared 4 per cent solution of sodium nitroprus- 
side. Shake and read in a photoelectric colorimeter at the maximum 
deflection of the galvanometer within 2 minutes. Use light filter 
560 or 570 rnu. The color is proportional to the concentration of 
acetaldehyde over the range 200 to 700 gamma. 

Comment: Recoveries of 94 to 97 per cent of alanine are reported 
by this method (245, 194). The use of the nitroprusside reaction 
eliminates the danger of high values due to the distillation of other 
volatile aldehydes. 
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The possible production of acetaldehyde from 1,2-dihydroxy- 
butyric acid, from threonine, does not appear to have been in- 
vestigated. 

C. The Procedure of Block, Bolling, and Webb {103, 104) 

Principle: Alanine is deaminated to lactic acid which, in turn, is 
quantitatively oxidized to acetaldehyde by ceric sulfate according 
to the procedure of Gordon and Quastel (260). The CH3CHO is 
estimated colorimetrically by Eegriwe's p-hydroxydiphenyl meth- 
od (c/. Chapter IV). 

Apparatus: Gas adsorption train (c/. Chapter IV, Section lA, 
ID). 

Method: Hydrolyze 10 to 50 mg. of protein with a few ml. of 
1 : 1 HCl under reflux for 16 to 20 hours. Evaporate off the excess 
IICl and dilute the residue with alcohol-free water. Deaminate the 
amino acids with 2 ml. of 13.8 per cent NaN02 and 2 ml. of 1:3 
H2SO4 (c/. Chapter V). After standing 10 minutes at room tempera- 
ture, destroy tjie excess MONO by warming the solution on the 
steam bath for the same length of time. 

Dilute the solution of hydroxy acids so that 1 ml. contains the 
equivalent of 0.5 to 1.0 mg. of protein. Pipette a suitable aliquot 
of the solution into the oxidizing tube of the gas adsorption train 
used in the p-hydrox>^diphenyl method for the microestimation of 
threonine (c/. Chapter V, Section ID). Add 5 ml, of 10 per cent 
Ce(HS04)4 in n H2SO4 and 10 ml. of water. The oxidation of lactic 
acid to acetaldehyde is complete in less than 30 minutes at 50‘^C., 
water bath. During this time the acetaldehyde is aerated into 15 ml. 
of concentrated sulfuric acid containing an excess of p-hydroxydi- 
phenyl in the same way as described in Chapter IV, Section ID, 
except that the stream of air carrying the aldehyde is dried by 
passing through a tube filled with soda lime. The remainder of the 
method is the same as that described for threonine. 

Comment: 1,2-Dihydroxybutyric acid resulting from the deam- 
ination of threonine yields the theoretical quantity of acetaldehyde 
on oxidation with ceric sulfate. Therefore, in the presence of thre- 
onine, it is necessary to calculate the amount of alanine from the 
difference in total acetaldehyde formed by Ce(HS04)4 oxidation 
after deamination and that quantity of CH3CHO produced by 
NaI04 oxidation without deamination. 

All precautions advised in the analogous threonine method 
should be taken. 

Color formation can be enhanced by the addition of traces of 
cupric ion to the sulfuric acid (Barker and Suramerson, 49). 

Winnick’s (684) use of the Conway (169, 170) micro-diffusion 
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technique may, also, be applicable to the estimation of alanine (c/. 
Chapter IV, Section 1C). 

D, Oxidation 0/ Alanine to^ Acetaldehyde with Ninhydrin 
{VirtaneUj LainCj and Toivonen, 668) 

Principle: All amino acids except glycine yield NH3, CO2 and 
the next lower aldehyde on oxidation with triketohydrindenehy- 
drate (ninhydrin) in weakly acid solution (Ruhemann, 659). 

Method: 1. Hydrolysis and Precipitation of the Dicarboxylic 
Acids. Hydrolyze 1 gm. of protein with 10 ml. of concentrated HCl 
for 6 hours. Distill off the excess mineral acid and dilute the residue 
to 10 ml. Add 5 ml. of a 20 per cent suspension of Ca(OH)2 and 
then introduce, with stirring, 100 ml. of ethanol. Remove the pre- 
cipitate. Concentrate the filtrate to free it of ethanol and take up 
the residue in 50 ml. of water. 

2. Oxidation. Place a suitable aliquot of the above solution con- 
taining 0.2 to 2.0 mg. of alanine, in a small round bottom flask 
with a ground glass joint and a side arm to be used as a gas inlet. 
Dilute the solution to 10 ml. and add 7.5 gm. of ammonium sulfate 
and 0.5 gm. of citric acid. Heat to a gentle boil and add 2 ml. of 1 
per cent ninhydrin. Aerate for 30 minutes to carry the acetaldehyde 
formed into 4 ml. of 1 per cent NaHSOa. Use a good fractionating 
column to prevent distillation of the higher aldehydes unless a 
specific method is employed for the determination of CH3CHO. 

3. Estimation. Remove the excess NaHSOs with 0.1 n iodine 
and then destroy the excess I2 with the least quantity of 0.01 N 
NaHSOs. Use starch as the internal indicator. Liberate the bound 
NallSOs by the addition of an excess of NaHCOa- Titrate the freed 
NaHSOa with 0.01 N U. 

1 ml. of 0.01 I2 -0.445 mg. of Alanine. 

Co 7 nme 7 il: The directions of Van Slyke et al (636, 637, 638) and of 
Christensen et aL (161) for oxidation with ninhydrin may be used in 
place of those given above (c/. Chapter I, Part IV, bection 1). 

Ninhydrin oxidation and the estimation of acetaldehyde by the 
more specific p-hydroxydiphenyl (206), (c/. Chapter IV, Section 
1 A) or piperazine-sodium nitroprusside (245, 194) ; {cf . this Chapter, 
Section B) methods appear to give promise of being the best micro- 
procedures for the determination of alanine. 

Neuberger and Sanger (474) found that aspartic acid did not 
yield appreciable quantities of acetaldehyde on oxidation with nin- 
hydrin. They, therefore, did not find it necessary to carry out the 
initial Ritthausen-Foreman precipitation of the dicarboxylic ammo 
acids. 
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PART III 

ANALYTICAL VALUES 

The amino acid values given in the following tables have been 
corrected to 16.0 per cent of nitrogen. 

It should be kept in mind that the great majority of figures 
represent minimal or at best approximations to the true quantities 
of glycine and alanine present in the protein hydrolysate. However, 
certain general conclusions may be drawn from these data. 

Aiiimal Proteins: The connective, supporting, and elastic tissues 
are unusually rich in glycine, while milk, egg, and tissue proteins 
contain only small quantities of this amino acid. The large quanti- 
ties of both glycine and alanine in silk fibroin are well known. 


Glycine and Alanine in Pruteins 

Calculated to 10.0 gm. N- 


SOrRCH 

METHOD 

REKEREN'CE 

NITBOfiEN 

GLYCINB ! 

A L.\ N 1 N E 





per cent 

gm. 

gm. 

Albuminoids: 







Gelatin 

Bergmaim 

Bergmann 

ro 

{18. .3) • 

22.8 


Gelatin 

Bergmann 

Bergmann 

70 

(18.3) 

23.6* 


Gelatin 

Carbamate 

Kingston 



15.6 


Gelatin 

Dakin-Fischer 

Dakin 

185 

(18.0) 

23 

6 

Gelatin 

Kendall 

Furth 

253 

18.3 


22 

Gelatin 

Town 

Town 

G17 

(16.0) 

25.0 


Gelatin 

Zimmermann 

Patton 

.511 

(16.0) 

22.2 


Gelatin 

Chromatographic 

Gordon 

2611) 



O.L" 

Collagen 

Bergmann 

Bergmann 

70 

18.6 

22.8 


Collagen (Corium) 

Zimmermann 

Patton 

511 

(16.0) 

6.11 


Elastin 

Fischer 

Abderhalden 

4 

(17.1) 

24 

<■ 

Elaatin 

Bergmann 

Stein 

586 

17.1 

27.5* 

( 

Anima].s, Entire: 







Rat. Fetus 

Zimmermann 

Patton 

511 

(16.0) 

10.6 


Chick, Normal 

Zimmermann 

Patton 

512 

(10.0) 

0.3 


Chick, Pathological 

Zimmermann 

Patton 

512 

(16.0) 

6.6* 


Blood Proteins: 







Fibrin 

Isotope 

Rittenberg 

647 i 

15.2 

5.4* 


Hemoglobin-Horse 

Fischer 

Abderhalden 

2 

(16.7) 


4 

Hemoglobin-Horse 

Zimmermann 

Patton 

611 

(16.7) 

<0.4 


Hemoglobins 

Fromageot 

Roche 

552 

(16.7) 


7-8 

Serum Globulin 

Fischer 

Abderhalden 

6 

(16.0) 

5 

2 

Bence Jones 

Kscher 

Abderhalden 

U 

(16.0) 

2 

6 

Egg Proteins: 







Albumin 

Virtanen 

Virtanen 

663 

12,1 


7.4* 

Albumin 

Bergmann 

Stein 

588A 

(15.6) 

3.3 


Albumin 

Zimmermann 

Patton 

611 

(16.4) 

i.n* 


Albumin 

Fischer 

Osborne 

407 

16.6 

0 

2 

ViteUin 

Fischer 

Abderhalden 

13 

(16.3) 

1 


Vitellin 

Zimmermann 

Patton 

611 

(16.3) 

0.8 


ViteUin 

Fischer 

Osborne 

496 

18.3 

0 

<1 
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Glycine and Alanine in Animal Proteins (Continued) 

_ Calculated to 16.0 gm. N. 


SOURCE 

METHOD 

KEFBBENCB 

NITROGEN 

GLTCtNB 

ALAMNB 





P 4 r cent 

gm. 

gm. 

Livetiti 

Kendall 

Jukes 

348 

15.5 


6.4 

Whole Egg 

Zimmerman n 

Patton 

512 

16.0 

2.2+ 


Whole Egg 

Zimmerraann 

Patton 

511 

(16.0) 

2.7 


Keratins; 







Hair-Horee 

Fischer 

Abderhalden 

9 

(16.6) 

4 

1 

Hair-Cow 

Bergman n 

Block 

109 

15.3 

10.8 ; 


Ilair-Hutnan 

Bergmann 

Block 

97 

15.4 

4.5 


Wool 

Bergmann 

Block 

97 

15.4 

6.8 


Wool 

Fischer 

Abderhalden 

16 ; 

16.6 

1 

4 

Wool 

Chromatographic 

Gordon 

281B 



4,0 

Horn-Cattle 

Fischer 

Abderhalden 

16 

15.1 

1 

2 

Ilorn-Cattlc 

Kendall 

Fiirth 

253 ! 

18.3 


2.2 

Horn-Cattle 

Bergmann 

Block 

97 

16.1 

9.7 


Feathers-Goose 

Fischer 

Abderhalden 

10 

(16.6) 

2 

2 

Egg Membrane 

Fischer 

Abderhalden 

u 

(16.0) 

4 

4 

Scyllium Stellare 

Fischer 

Pregl 

529 

15.1 

3 

3 

Spongin 

Fischer 

Abderhalden 

12 

(16.0) 

14 


S(H)ngin 

Fischer 

Clancy 

163 


11 


SfKJngin 

Bergmann 

Block 

96 

13.0 

17.7* 


Snake Skin 

Bergmann 

Block 

97 

15.2 , 

13.8 


Silk Fibroin 

Fischer 

Abderhalden 

20 

19.0 


21 

Silk Fibroin 

Bergmann 

Bergmann 

69 

19.0 

36.8* 

22.2* 

Silk Fibroin 

Kendall 

Fiirth 

253 

(19.0) 


18.4 

Silk Fibroin 

Fischer-Cherbuliez 

Cherbuliez 

156 

(19.0) 

29.8 


Silk Fibroin 

9 

Bergmann 

Stein 

588A 

(19.0) 

37.4 


Metallo Proteins: 







Ferritin 

Zimmerrnann 

Kuhn 

396 

8.4 

2.1 


Muscle Globins 

Fromageot 

Roche 

552 

(16,0) 


6-9 

Hemocyanin 

Fromageot 

Roche 

552 

(16.0) 


4-7 

Milk ProteinK: 







Casein 

Fromageot 

Desnuelle 

194 

15.7 


2.8 

Casein 

Fischer 

Foreman 

24(^ 

15.6 

<1 

2 

Casein 

Kendall 

Fiirth 

253 

15.4 


5.5 

Casein 

Fuseher 

(Jsborne 

502 

15.8 

0 

2 

Cjiaein 

Zimmerrnann 

Plimraer 

523 

14.0 

0.6* 


Casein 

'I'own 

Town 

617 

(14.5) 

4.5 


C'asein 

Virtanen 

Virtanen 

663 

13.5 


5.7* 

Casein 

Ziinmermarin 

1 Patton 

511 

(15.4) 

0.5 


I.acfalbumin 

Zimmerrnann 

Patton 

611 

: (15.5) 

0.0 


Factnlbumin 

Fischer 

Jones 

340 

15.4 

<1 


Muscle Proteins; 







Cod 

Fischer 

Abderhalden 

24 

13.6 


7 

Herring 


Wakamatu 

669 

12.5 

0 

4 

Chicken 

Fischer 

Osborne 

493 

(16.0) 

<l 

2 

Scallop 

Fischer 

Osborne 

496 

• 17.1 

0 


Beef 

Fischer 

Osborne 

498 

16.2 

2 

4 

Myosin 

Fischer 

Sharp 

575 

16.8 

2 

4 

Beef 

Zimmerman n 

unpublished 


16.1 

5.0 


Tissue Proteins; 







Brain 

Kendall 

Kaplansky 

354 

15.2 


5.8 

Lens 

Fischer 

Hijikata 

298 

(16.0) 


5 

Liver 

Zimmerrnann 

unpublished 


13.3 

8.5 



* "Best Values." 

‘ Chondrodystrophy. 
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Glycine and Alanine in Plant Proteins 


Calculated to 16,0 gm. N. 


SOrRCB 

MBTHOfi 

REFERENCB 

« 

NITROGEN 

GLYCINE 1 

1 ALANINE 


( , ! 



per cent 

gm. 

gm. 

Autotropic Plants: ! 







Various 

Bergmann, Braiier 

Mazur 

442 


0.5-2. 3 

3. 8-6.6 

Biologically Active: ! 







Grama cidin 

Kendull 

Christensen 

162 ' 

14.6 


33 

Gramicidin 

Kendall 

Hotchkiss 

310 

14.8 


25-36 

Gramicidin 1 

Chromatographic 

Gordon 

261C 


4. 5-5. 7 1 

10.3 

Tyrocidin 

Kendall 

Christensen 

162 1 

14.5 


15 

Tobacco Virus 

Zimmermann, 







Bergmann 

Ross 

557 

15.9 

' 0.0 ! 

2.8 

Yellow Ensyme 

Fromageot 

Desnuelle 

194 

18.3 


8.1 

Corn Proteins: 







Zein 

Dratier 

Brazier 

129 

17.5 

0 

5 

Zein 

Virtanen 

I.Aino 

398 

(16.0) 


9.9 

Zein 

Dakin-Fischer 

Dakin 

186 

16.1 


3 

Zein 

Kendall ! 

Forth 

253 

16.1 


8.9 

Zein 

Fischer 

Osborne 

490 

16.1 

0 

2 

Zein 

Fischer ^ 

Osborne 

500 

16.1 


10 

Zein 

Virtanen 

Virtanen 

063 ' 

14.5 


9.9* 

Zein 

♦ Zimmermann i 

Patton 

511 

(16.1) 

0.0+ 


Glutenin 

Fischer 

Osborne 

490 

(16,0) 

<1 


Glutenin 

Zimmermann 

Patton 

511 ' 

(16.0) 

0.8 


Gluten 

Zimmermann 

unpublished 


11.8 

4.3 


Zein Residue 

Zimmermann 

unpublished 

j 

10.9 

i 9.6 ^ 


Mbcellaneous: 





c 


Cottonseed Globulin 

Fischer 

Abderhalden 

6 

(18.6) 

1 

4 

Cottonseed Meal 

Zimmermann 

unpublished 


10.9 

5.3 


Aracbin 

Fischer 

Johns 

322 

18.3 

0 

4 

Arachin 

Zimmermann 

Patton 

511 

(18.3) 

1.8 


Peanut Meal 

Zimmerman 

unpublished 


(10.4) 

5.6 I 


Edestin 

Fischer 

Abderhalden 

1 

18.6 

4 

3 

Edestin 

Fromageot 

Desnuelle 

194 

18.7 


4.8 

Edestin 

Zimmermann 

Patton 

511 

(18.7) 

1.6* 


Glyciniu 

Zimmermann 

Patton 

511 

(17.0) 

1.4 


Hordein 

Fischer 

Kleinschmitt 369 

17.2 


1 

Hordein 

Zimmermann 

Patton 

511 ! 

(17.2) 

0.0 


Sunflower Globulin 

Fischer 

Abderhalden 

8 

(18.6) 

2 

4 

Wheat Proteins: 







Gliadin 

Fischer 

Abderhalden 

7 

(17.7) 

1 

3 

GliadJn 

Fischer 

Osborne 

489 

17.7 


2 

Gliadin 

Fischer ' 

Osborne 

503 

17.7 

j 0 

<2 

Gliadin 

Zimmermann 

Patton 

511 

(17.7) ! 

<0.6 


Glutenin 

Fischer 

Osborne 

489 

17.5 

1 <1 

4 

Glutenin 

Zimmermann 

Patton 

6U 

(16. Q) 1 

0.8 


Gluten 


Padoa 

508 

7 

9 

5 

Gluten 

Zimmermann 

unpublished 


1.3.5 

7.2 



• “Best Values.” 



CHAPTER VIII 


•» 

PROLINE AND HYDRDXYPROLINE 



Proline 

Hydroxyproline 

Empirical Formula 

CfiHaO^N 

CfiHgOiN 

Optical Form 

1 

1 

Molecular Weight 

115.08 

131.08 

Carbon i 

52.14 

45.77 

Hydrogen 

7.88 

6.92 

Nitrogen 

12.17 

10.69 

Oxygen 

27.81 

.36.62 

Melting Point 

220-222° 

270“ 


PART I 

1. The Isolation of Proline and Hydroxypkoline 
A, Fischer Ester Distillation {Fischer, 220, Van Slyke, 629) 

P RINCIPLE: The amino acid esters which distill below 90°C. 
and 0.5 mm. pressure are hydrolyzed and the solution of free 
amino aeids is evaporated to dryness. The residue is then 
thoroughly extracted with absolute alcohol. Proline is determined 
in that portion of the residue which is completely soluble in (^old 
absolute alcohol by precipitation as the copper salt, the cadmium 
chloride complex, the picrate or calculated from the nonamino 
nitrogen. 

B. Direct Solvent Extraction {Dakin, 183, 185) 

Principle: The excess mineral acid, H 2 SO 4 , is removed from the 
protein hydrolysate with baryta and the amino acid solution is 
adjusted with Ba(OH )2 to the optimal reaction, usually about pH 
6 , for subsequent extraction. The amino acid solution is then ex- 
tracted with normal butanol either at atmospheric pressure or pref- 
erably at a reduced pressure, until no appreciable quantities of 
amino acids are being extracted from the aqueous layer. The dried 
residue from the butyl alcohol solution is thoroughly extracted with 
absolute ethanol. Proline is determined in this ethanol solution by 
any of the procedures given in A above. 

Under the proper conditions, hydroxyproline is not extracted by 
ethanol, but it can be removed from the mixed residue of mono- 
amino acids by subsequent extraction with n-propyl alcohol. The 
residue from the propanol extraction is dissolved in a small volume 


271 



272 


AMINO ACID COMPOSITION 


of water and all the amino acids except hydroxyproline are precipi- 
tated by the addition of 9 volumes of methanol. The hydroxypro- 
line can be estimated in the 90 per cent methanol filtrate from the 
nonamino jiitrogeji. * 

C. Da^’ui^s Procedure According to Fiirth and Minnibeck {25^) 

Principle: After removal of the basic amino acids, proline and 
hydroxyproline are extracted with butanol (Dakin, 183, 185). The 
proline is separated from the other monoamino acids in the butyl 
alcohol extract by treatment with ethanol. The monoamino acid 
residue, free from proline, is then extracted with propyl alcohol to 
dissolve the hydroxyproline. 

Method: Hydrolyze the protein with HCl and remove the excess 
IT Cl by concentration in vacuo and the NTH with lime. Precipitate 
the basic amino acids according to Van Slyke (c/. Chapter I) with 
phospho-24-tiingstic acid. Remove the excess phosphotungstic acid 
from the filtrate with Ba(OII )2 and the barium with II 2 S 04 . Evapo- 
rate the amino acid solution to dryness in the presence of a di- 
atomaceoiis earth. Extract the dried re.sidue with hot butanol until 
no more material is removed. 

Distill off the butyl alcohol and thoroughly extract the residue 
with absolute ethyl alcohol. Precipitate the prolii^ from the al- 
coholic solution with CdCh. Calculate the proline from the non- 
amino nitrogen of the cadmium chloride precipitate. Correct for 
the solubility of proline cadmium chloride. 

Extract the proline-free amino acid residue with n-propyl alcohol 
and after removal of the solvent, estimate the amount of hydroxy- 
proline present from the nonamino nitrogen. 

D. The Precipitation of Proline and Hydroxyproline with Ammonium 
Reineckate {Kapfhammer and Eck^ 353; Miller, 452) 

Principle: After removal of arginine, proline and hydroxyproline 
are precipitated from a weakly acid solution by an excess of am- 
monium reineckate, ammonium tetrarhanatodiamminochromate. 

NH,[Cr(NIE)ASCN)4]-H20 

Reagents: Reinecke Salt (Dakin, 189). Heat 800 gm. (10.5 moles) 
of NH 4 SCN at 145-150° to partly melt and add in 10 to 12 gm. 
portions with stirring, a mixture of 170 gm, (0.675 mol.) of pow- 
dered (NH 4 ) 2 Cr 2()7 and 200 gm. ( 2.6 mol.) of NIHSCN. The tem- 
perature rises to 160° and a vigorous reaction takes place after 
adding 10 portions. Keep the^temperature at 160° by adding the 
(NHOzCrsOy-NIRSCN mixture. Continue stirring until the melt is 
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only warm, then add 750 ml. of ice water and filter after 15 min- 
utes. Stir the precipitate with 2.5 liters of water at 65° and keep 
the suspension at 60° by warming. Filter the warm solution through 
a heated Buchner funnel. Crystallize ou,t the ammonium reineckate 
by chilling the filtrate in the refrigerator over night. Warm the 
motLer liquor to 60"^ to extract a second crop oi reineckate irom the 
residue of the initial aqueous extraction. Yield 50 to 57 per cent of 
theory. 

Method: 1. Removal of Arginine. Adjust the decolorized protein 
hydrolysate to weakly acid to Congo red paper and precipitate the 
arginine as the diflavianate by the addition, at room temperature, 
of 3 to 4 moles of aqueous flavianic acid (c/. Chapter I). 

2. Precipitation of Proline and Hydroxyproline. Warm the 
arginine diflavianate filtrate to 60“ and add an excess of a warm 8 
per cent solution of ammonium reineckate. Stand at 4°C. over night. 
Remove the precipitate and concentrate the filtrate in vacuo to less 
than one half of the initial volume. Add more reineckate at 60“ and 
let stand in the cold to obtain a second crop of proline and hydroxy- 
proline reineckates. Wash the precipitates with ice water and 
suck dry on the filter. 

3. Decomposition of Reineckates. Suspend the washed precipi- 
tates in 50 perljent methanol and add an excess of CUSO 4 . Remove 
and wash the precipitate. Remove the excess chromium ion with 
a stream of SO 2 , the CNS“ ion with Ag 2 S 04 , and the excess Ag+ 
and Cu+ with H 2 S. Make the solution alkaline with barium hy- 
droxide, remove the NH 3 by distillation m vacuo and the Ba++ with 
the needed quantity of H2SO4. 

4. Separation of Proline and Hydroxyproline. Evaporate the 
amino acid solution to dryness and extract the residue with abso- 
lute alcohol. Proline is soluble in cold alcohol, hydroxyproline is 
not. The quantities of each acid can be estimated from the mono- 
amino nitrogen in the alcoholic solution (proline) and in the residue 
(hydroxyproline). 

The solubility of proline in absolute ethanol is 1.55 gm. per 100 
gm. at 19°. 

Proline reineckate C 6 H 902 N C 4 H 7 N 6 S 4 Cr 

Hydroxyproline reineckate CsHgOsN • C 4 H 7 N 6 S 4 Cr • 3 H 2 O 

Com7ne7it: Kapfhammer and Eck (353) point out that the rei- 
neckate method is not quantitative. They were able to recover only 
84 per cent of proline and 79 per cent of hydroxyproline. 

Dakin and West (188) have greatly simplified the decomposition 
of reineckates. Their procedure, which should be applicable to the 
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decomposition of proline and hydroxy proline reineckates, is as fol- 
lows: The washed air dried precipitate of reinecke salts is shaken 
with the minimal quantity of methanol until the precipitate has 
dissolved. The solufion is then heafed to 50° in a Avater bath and an 
excess of dimethylaniline is added. The mixture is shaken on the 
machine for 30 minutes and then diluted with one half its volume of 
Avater. The bulk of the reinecke salt is precipitated as the dimethyl- 
aniline reineckate. The methanol is then removed by concentration 
in vacuo and the excess dimethylaniline and remaining reinecke 
acid is removed by repeated extraction, 4 or 5 times, Avith amyl 
alcohol. 


E. Isolation of Proline by Means of Its Copper Salt 
{Town, 616; Brazier, 129) 

Principle: After removal of the sulfuric acid used for hydrolysis, 
(306), the amino acids are converted to their copper salts by boiling 
Avith CuCOa. The copper salts are evaporated to a thick syrup and 
then thoroughly dried by repeated extraction Avith acetone. The 
powdered copper salts are then extracted 0 times Avith absolute 
methanol on the machine. The alcoholic solutions are separated 
and the copper is removed Avith IloS. The amino acid solution is 
evaporated to dryness and the proline is extracted ffom the residue 
AAuth absolute alcohol. 

F. Isolation of Proline as the Betaine {Engeland, 210, 211, 212, 5S) 

Principle: The amino acids in a protein hydrolysate arc exhaus- 
tively methylated with CIIsI or (€ 113 ) 2^04 and 10 per cent KOI I. 
The stachydrine is first precipitated with IfgCb, the precipitate is 
decomposed, and the betaine residue is fractionated Avith absolute 
alcohol. Stachydrine is isolated from the alcoholic s(jlution as the 
platinic or auric chloride. 

H2C CH-, 

I I 

H 2 C C-COOH 

\ / 

N -AuCh 

/I 

CH3 I 
CH3 

G. Isolation of Proline Rhodanilate {Bergmann, 65, 70, 587) 

Principle: Proline forms relatively insoluble salts Avith rhodanilic 
acid, tetrathiocyanato-dianilidochromiato acid, II[Cr((yNH )4 
(C«H6 NH 2 ) 2 ] (c/. the formula for reinecke acid). 
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Reagents: Aniline Rhodanilate. Heat 500 gm. of chrome alum, 
600 gm. of KCNS, and 500 ml, of water on the steam bath for 4 
hours. Cool and add 500 ml. of apiline, then keep at 60° for 3 hours. 
Cool and pour the solution into a mixtufe of 60p0 ml, of water and 
600 ml. of acetic acid. After standing for some hours, remove the 
precipitate and extract the residue with 1.5 to 2 liters of cold 
methanol. Filter the methanol and precipitate the salt by pouring 
the alcoholic solution into 6 liters of water. Stir constantly. Remove 
the precipitate and purify it by dissolving in methanol and repre- 
cipitating with water. 

Yield 330 gm. Nitrogen 17.1 per cent (theory). 

Ammonium Rhodanilate. Dissolve 400 gm, of the aniline salt in 
a mixture of 600 ml. of methanol and 300 ml. of concentrated am- 
monia. Cool in ice. Then slowly add 3 liters of water to the ice cold 
solution. Purify the precipitate by repeating the above procedure. 

Then dissolve the ammonium salt in cold methanol, add charcoal, 
and slowly pour the filtered solution into an excess of ice water. 
Wash the precipitate with ice water and repeat the, charcoal treat- 
ment. Dry the residue in the dark at 0° on a porous plate. Keep the 
salt in the cold. 

Method: 1. Purification of Hydrolysate. Remove the humin from 
the hydrolysatb by the in sitn formation of copper sulfide from 
Cu(OH )2 and IDS. 

2. Precipitation of Proline. Use the equivalent of 2.48 gm. of 
gelatin for each precipitation. Add 275 ml. aliquots of the clarified 
gelatin hydrolysate, in dilute HCl, to 1.695, 2.001, and 2.301 gm. of 
purified ammonium rhodanilate in 175 ml. portions of cold meth- 
anol. Keep the mixtures at 0° for 16 hours, then shake on the ma- 
chine at 0° for 4 hours, and again keep at 0° for 20 hours. Filter the 
proline rhodanilate precipitates at 0°. Do not wash. 

3. Estimation of Proline. Decompose the precipitates with dilute 
acetic acid and dimethylaniline. Calculate the quantity of proline 
present in each precipitate by the optical rotation. Then calculate 
the amount of proline in the protein by the solubility product from 
the formula 

where R\ are the moles of ammonium rhodanilate used. 

X.,, Xb are the moles of ammonium rhodanilate precipitated. 

2/m 2/h a-re the moles of proline rhodanilate precipitated. 

Y is the molar quantity of proline in x ml. of the hydrol- 
ysate. 

Comment: Bergmann^s (65) original method for the determina- 
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tion of proline by precipitation with rhodanilic acid could not be 
confirmed by numerous competent investigators. The general pro- 
cedure described above appears to be rather satisfactory. However, 
the published accounts give valueS for only a few proteins. 

Ing and Bergmahn (315) have described a micromodification of 
the rhodanilate method which includes a description of the appa- 
ratus used {cf. Chapter IX, Section 10). 

The optimal conditions have to be worked out for each protein 
hydrolysate. 

2. The Colorimetric Estimation of Proline 

AND IIyDROXYPROLINE 

A. The Estimation of Hydroxyproline {Lang, IfiO; 

Waldsch77iidt-Leitz, 671) 

Principle: Hydroxyproline can be oxidized and decarboxylated 
to pyrrol by NaOCl. The pyrrol is then condensed with isatin or 
p-dimethylaminobenzaldehyde to yield a colored compound. 

HOHC CHa HC CH 

II II II 

H 2 C CHCOOH — > HC CH 

\/ 0 \/ 

NH NH ‘ 

Reagents: Sodium Hypochlorite (Raschig): pass CI 2 gas into a 
mixture of 80 gm. of NaOH, 160 ml. of IIjO, and 600 gm. of ice 
until the alkali has taken up 71 gm. of chlorine. Dilute the solution 
to 1 liter. Keep cold. 

p-Dimethylaminobenzaldehyde: dissolve 2.6 gm. in 100 ml. of 
ethanol. 

Isatin; dissolve 100 mg. in 200 ml. of concentrated H 2 SO^ 

Pyrrol Standard: dissolve 100 mg. of pyrrol in 1 liter of n/200 
NaOH. Dilute 1:10 before use. 

Method: 1. Oxidation. To an ice cold solution containing 0.2 to 
3.0 mg. of hydroxyproline, add 0.5 ml. of 10 per cent Na 2 C 03 
and 0.5 ml. of NaOCl for each 10 ml. of amino acid solution. Wait 
2 to 3 minutes and then add 1 ml. of 11.6 per cent sodium glutam- 
ate. Steam distill the pyrrol until 100 ml. of distillate comes over. 

2. Color Development. A. With p-Dimethylaminobenzalde- 
hyde. Dilute an aliquot of the distillate containing 0.01 to 0.1 mg. 
of pyrrol to 20 ml. and add 1 ml. of dimethylaminobenzaldehyde 
solution and 1 ml. of 6 n HCl. Allow the color to develop at room 
temperature (20 to 30°) for 15 minutes. Read using filter 570 mu. 

B. With Isatin. Add 2 ml. of a saturated aqueous solution of 
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HgCl 2 to 20 ml. of the distillate containing 0,05 to 0.3 mg. of pyrrol. 
Centrifuge and wash the precipitate of pyrrol mercuric chloride 
with two 5 ml. portions of ethyl alcohol at 60'^. Cool before centri- 
fuging between each washing, dissolve, the mercury precipitate in 
2 ml. of water, a few drops of 5 per .cent NaCl, and 1 ml. of 6 n 
HCl. Dilute the solution to either 10 or 25 ml. To a small aliquot 
add 1 ml. of isatin-sulfuric acid solution. Heat the mixture in a boil- 
ing water bath for 10 minutes and read the color in a colorimeter 
using filter 570 mu. 

Comment: Lang (400) originally believed that the color formed 
with dimethylaminobenzaldehyde gave the sum of proline plus 
hydroxyproline and that formed with isatin was specific for hydroxy- 
proline. Waldschmidt-Leitz and Akabori (671) showed that hy- 
droxyproline alone yielded pyrrol after oxidation with NaOCl. 
They believed that Lang’s results were due to the presence of some 
hydroxyproline in his proline standards, 

Waldschmidt-Leitz and Akabori (671) found the average yield 
of pyrrol from hydroxyproline to be approximately ,80 per cent and 
they, therefore, correct by the factor 1.25. However, the yield of 
pyrrol is highly dependent on the conditions employed and espe- 
cially on the quantity of NaOCl used. It is the authors’ opinion 
that the procedure requires further study. 

Kuhn and Desnuelle (393) estimate the quantity of pyrrol pres- 
ent in 1 ml. of distillate by adding 1 ml. of 1.19 sp. gr. HCl and 1 
ml. of 2.5 per cent alcoholic p-dimethylaminobenzaldehyde. The 
condensation is allowed to take place at 37° for 20 minutes. The 
solution is cooled and the volume is brought to 20 ml. The color is 
read using filter 530 mu. 

B, The Oxidation of Hydroxyproline with Hydrogen Peroxide 
{McFarlane and Guest, 449) 

Principle: Hydroxyproline is oxidized with H 2 O 2 to yield pyrrol 
which then is determined by condensing with isatin. 

Method: 1. Oxidation. To 1 ml. of a neutralized protein hydroly- 
sate, containing 0.4 to 1.6 mg. of hydroxyproline, add 1 ml. of 
0.01 M CuSO^, 1 ml, of 10 per cent NaOH, and 1 ml. of 6 per cent 
H 2 O 2 . Shake for 5 minutes, then place in a boiling water bath for 
5 minutes. Cool and add 1.5 ml. of 2 N HCL Dilute the solution to 
10 ml. 

2. Development of Color. To 1 ml. of the pyrrol solution, add 1 
ml. of freshly prepared 0.01 per cent isatin in water and 1 ml. of 
2 N HCl. Place the mixture in a boiling water bath for exactly 3 
minutes. Stand for 5 minutes and then cool in water. Dilute the 
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solution to 10 ml. and read the color using filter 520 mu against a 
blank prepared in the same way except that the solution is not 
heated after the addition of isatin. 

Commejit: Guest, and McFarlane (268) found that 96 to 97 per 
cent of the pyrrol in 5 ml. of solution (0.8 mg. of pyrrol) was pre- 
cipitated by the addition of 5 ml. of saturated aqueous HgCh in 
the presence of 5 ml. of pn 6.3 phosphate buffer. They also showed 
that 0.005 to 0,030 mg. of pyrrol could be estimated in 1 ml. of 
solution by adding 0.2 ml. of 0.05 per cent isatin in glacial acetic 
acid and 1 ml. of concentrated HCl. After standing 5 minutes, the 
colored solution was diluted to 10 ml. with ethanol and read in a 
colorimeter using light filter 660 mu. 

C. The Colorimetric Estimation of Proline {Guest, 269) 

Principle: Proline is oxidized with lead peroxide to yield pyrrol 
(?) which, in turn, is estimated by condensing it with p-dimethyl- 
aminobenzaldehy de . 

Method: 1. Oxidation. To 5 ml. of a protein hydrolysate, contain- 
ing 2 to 10 mg. of proline, add n NaOH to pii 8.7. Then add 10 ml. 
of M phosphate buffer of pn 8.7 and 1 gm. of Pb02. Boil the suspen- 
sion under reflux for 30 minutes. Cool, filter, and dilute the filtrate 
to 200 ml. 

2. Estimation. Add 5 ml. of water, 1 ml. of 5 per cent p-dimethyl- 
aminobenzaldehyde in ethanol and 1 ml, of 2 x HCl to 5 ml. of the 
oxidized filtrate. Heat the solution in boiling water for 1 minute. 
Then after 5 minutes, cool the colored solution in water. Read using 
filter 520 mu. 

Comment: Hydroxyproline gives approximately the same amount 
of color under these conditions. The procedure, therefore, gives an 
approximate indication of the sum of proline and hydroxyproline 
present. 
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PART II 

ANALYTICAL RESULTS 

The analytical figures given in the following tables have, as previ- 
ously, been recalculated to 16.0 per cent of nitrogen. In most cases, 
the values have little absolute quantitative significance, but can be 
used only as rough indications of the existence of these two amino 
acids in a protein hydrolysate. 

The relatively large amounts of the prolines in gelatin, zein, and 
gliadin, all of which are nutritionally inadequate proteins, are note- 
worthy. 


Proline anrl Hydroxyproline in Animal Proteins 


Copul ated to 16.0 gm. N. 


sot;hce 

METHOD 

REt'ERENCK 

aUOLINE 

HTDBOXT- 

PHOniNE 





gm. 

gm. 

Albuminoids: i 






Gelatin j 

Eiigeland 

Bnstian 

53 

24-25 


Gelatin 

Bergmann 

Bergmann 

65 

18 

<13 

Gelatin 

Bergmann 

Bergmann 

70 

15,4 


Gelatin | 

Dakin 

Dakin 

185 

8.5 

<13 

Gelatin 1 

Dakiii-Furtli 

FUrth 

252 

7.9 

12.9 

Gelatin i 


Gordon 

26 ID 

15.0 


Gelatin 


Kingston 

365 

19.5 

18.6 

Gelatin 

Lang 

Lang 

400 

9 

13 

Gelatin 

McFarlane 

McFarlane 

449 

1 

13.0-13.5* 

Gelatin 

Bergmann 

Stein 

587 

15.3±0.4* 


Gelatin 

I>ang 

Waldschmidt 671 


9.4 

f'ollagen 

Bergmann 

Bergmann 

70 

15.0 


Elastin 

Engeland 

Engeland 

211 

4 


Elaatin 

Bergmann. Kapfhammer 

Stein 

586 

14,2 

1.9 

eiologicslly .Active Ruba, : 






Secretin 


Agren 

26 

5 


[Uood Proteins: 






Hemoglobin 

liergmann 

Bergmann 

67 

2 


Globin 

Lang 

Lang 

400 


0 

Seralbumin 

Lang 

Lang 

400 


0 

Serglobulin 

Lang 

Lang 

400 


0 

Hence Jonea 

Fiselier 

Abderhalden 

11 

2 


lienee Jones 

Bergmann 

Devine 

196 

6.9 

0 

Hence Jonea 

Fischer 

Hopkins 

308 

3 


Egg Proteins: 






Albumin 

Dakin 

Cal very 

139 

4.3 


Albumin 

Fischer 

Osborne 

497 

4 


Vitellin 

Fischer 

Abderhalden 

13 

3 


l.ivetin 

Kapf hammer 

Jukes 

348 

2-3 
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Proline and Hydro xyproline in Antmoi PrcAeina (Continued) 


Calculated to 16.0 gm. N. 


80UBCS 

METHOD 1 

BEFSHENCG 

PROLINE 

HYDROXY- 

PROLINB 


1 ' ' '* ■ 


gm. 

gm. 

Keratins: 





Hair, Horse 

Rscher 

Abderhalden 9 

4 


Hair, Cow 

Bergman n 

Block 109 

8.5 


Wool 


Martin 437 

8.4 


Wool 

Fischer 

Abderhalden 16 

4 


Wool 


; Gordon 261 B 

9, 3-6.8 


Feathers 

Fischer 

Abderhalden 9 

4 


Horn 

Fischer 

Abderhalden 16 

4 


Horn 

Fischer 

Fischer 224 

4 


Egg Membrane 

Fischer 

Abderhalden 14 

4 


Egg Membrane 

Dakin 

Calvery 142 

3.7 


Spongin 

Fischer 

Abderhalden 12 

6 


Spongin 

Fischer 

Clancy 16.3 

6 


8eyllium stellare 

Fischer 

Pregl 52(1 

I ^ 


Sillc Fibroin 

Fischer 

Abderhalden 20 

1 


Milk Proteins ; ! 





Casein 

Dakin-Van Slyke 

Dakin IS3 

7-9 


Casein 

Engeland 

Engeland 210 

7 


Casein ■ 

Fischer-Van Slyke 

Foreman 240 

7.8 


Casein 

Dakiii-Fiirl h 

Flirt h 252 

5.9 

2.2 

Casein 

Cuest 

Guest 269 

8.2 


Casein 

McFarlane 

McFarlane 449 


0 

Casein 

Fischer 

Osborne 502 

5 


Casein 

1 Fischer-Van Slyke 

Van .Slyke 629 

• ' « 


Casein 

Lang 

Waldschmidt 07 l 


0 

Lactalbumin 

Fischer 

Jones 340 

4 


Mwcellaneous Proteins: 





Protamine 

Brazier 

Hirokata 299 

1 <10 


Protamine 

I^ng 

Waldschm idt 67 1 


0 

Kidney 

I-ang 

Lang 400 


0 

Muscle Proteins: 


i 



Cod 

1 Kapfbammer 

Abderhalden 24 

3 

1 

Fish 

j Fischer 

Osborne 49.3 


Herring 

i 

Wakatimtu f>tj9 

>3 

Animal 

I^ng 

I^ng 400 


1 0 

Chicken 

Fischer 

Osborne 493 

! -“i i 

Ox 

Fischer 

Oslxirne 49K 

i ‘‘ ' 

Myo.sin 

Fischer 

Sharp ,57.5 

i ■'' 1 
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Proline and Hydroxyproline in Plant Proteins 


SOUBCB 

METHOD 

« 1 

RBrEBENCE 

PROLtNB 

lo.u gm, IN. 

HTDBOXT- 

PBOLINE 

Autotropic Organisms: i 



» 

gra. 

gm. 

Marine Algae 

Bergmanri, Kapfhammer 

Mazur 

442 

9-10 

2-6 

Biologically Active Proteins: 






Gramicidin 

Bergmann 

Christensen 

162 

0 I 

0 

lyrocidine 

Bergmann 

Christensen 

162 : 

0 

0 

1 yroddine 

Chromatographic 

Gordon 

261E 

7. 7-8. 5 


I'obacco Virus 

Bergmann 

Robb 

556 

4.7 


Tobacco Virus 

Bergmann 

Rosa 

557 

5.5 


Ricin 

Fischer 

Karrer 

355 

4 

0 

V ellow Knzyme 

Van Slyke, Lang 

Kuhn 

393 

6.4 

0 

Corn Proteins: 






Zein 

Brazier 

Brazier 

129 

8.9 


Zein 

Dakin-Van Slyke 

Dakin 

186 

9-12 

0 

Zein 

Dakin-Van Slyke 

Furth 

252 

8.4 

0.8 

Zein 

Fischer 

Osborne 

490 

7 


Zein 

Fischer 

Osborne 

499 

9 


Glutenin 

Fischer 

Osborne 

.490 

5 


Miscellaneous Proteins: 




• 


Arachin 

Fischer 

Johns 

322 

<2 


Cottonseed Globulin 

Fischer 

Abderhaldcn 

1 

2 


('oconut Globulin 

Dakin 

Johns 

334 

5 


Kdestin 

Fischer 

Abderhalden 

1 

2 


Edeatin * 


Gordon 

261 

1 5.4 


Edesfin 

Fischer 

Osborne 

500 

4 


Graaa 

Kapfhammer 

i Miller 

452 

2.5 


Ifordein 

Fischer 

Kleinschmitt 369 

6 


Lupin Meal 


i Heinrich 

286 

4 


Mold 

Brazier 

Woolley 

689 

<2 


iioybeaii Meat 


Heinrich 

286 

5 


Sunflower Seed Globulin 

Fischer 

Abderhaldcn 

8 

3 


Wheat Proteins: 






Gliadin 

I’ischcr 

Abderhalden 

7 

2 


Gliadin 

Fischer 

Osborne 

489 

7 


Gliadin 

Fischer 

Osborne 

503 

12 


Gluten 

Engeland 

Engeland 

211 

10 


Gluten 


Padoa 

508 

8 


Glutenin 

Fischer 

Osborne 

489 

4 




CHAPTER IX 


GENERAL METHODS 

PART I 

HYDROLYSIS AND PREPARATION OF THE SAMPLE 
FOR ANALYSIS 

HYDROLYSIS 

I T IS recognized that one of the most serious difficulties in pro- 
tein analysis is the initial hydrolysis of the protein to amino 
acids. With the exception of the spectrographic methods for the 
aromatic amino acids (c/. Chapter II) and certain tests for cystine 
(c/. Chapter III), the only general procedure which gives promise 
of accuracy, without preliminary hydrolysis, is the important ob- 
servation of Beadle and Tatum (60) that single* ascospore strains of 
neurospora can be produced by x-rays which will grow normally 
on a complete medium, but scarcely at all on a medium devoid of 
one ingredient. Thus from approximately 2,000 strains so produced, 
three mutants have been found. One of these is unable to synthesize 
pyridoxine, another thiamine, and the third is unable to grow with- 
out added p-amino-benzoic acid. If analogous strains, from this or 
other organisms, can be developed for amino acids in the intact 
protein molecule, a whole new and infinitely improved method will 
be opened up. 

Proteolytic enzymes are the most active catalytic agents known 
at present, but suffer from several disadvantages, (a) The hydroly- 
sis seldom goes to completion, (b) Due to the heat lability of the 
proteolytic enzymes, the temperature of the reaction usually has to 
be maintained at 80°C or less, (c) The enzymes are proteins and 
often undergo partial autolysis with the result that a portion of the 
amino acid which is to be estimated may have arisen from the 
enzyme itself. 

Strongly dissociated acids and alkalies are, therefore, usually em- 
ployed. The concentration of the reagent to be used in any specific 
case is somewhat dependent on the protein to be hydrolyzed, but 
is inversely proportional to the time and temperature of the reac- 
tion. It is usual to employ a volume of reagent equal to 5 to 20 
times the weight of the protein to be hydrolyzed. When the hydroly- 
sis is carried out at atmospheric pressure, the following concentra- 
tions are usually employed : 
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HYmOLYSlS 


2S3 


HCl 

3 to 12 N, commonly 6 n 

HsSO. 

4 to 8 N, commonly 8 n 

HI 

^ commonly 57 per cent 

NaOH 

commpnly 5 ^ 

Ba(OH )2 

commonly 14 per cent 


When the temperature of the reaction is raised, the time of 
hydrolysis or the concentration of the reagent can be proportion- 
ally reduced. Thus at 20 lbs. pressure, 20 volumes of 4 per cent 
H 2 SO 4 for 10 hours will suffice where 10 volumes of 40 per cent 
H 2 SO 4 for 20 hours were required at atmospheric pressure. Gilson, 
et aL (257) have found that 100 gm. of casein could be hydrolyzed 
by 150 gm, of oxalic acid and 300 ml. of water at 15 lbs. pressure for 
40 hours. 

Steinhardt and Fugitt (589) have reported that certain organic 
acids such as cetylsulfonic, dodecylsulfonic, dodecylsulfuric, n- 
tetradecylsulfate half ester, etc.', are more active catalysts for the 
hydrolysis of amide and peptide bonds in proteins than the mineral 
acids commonly employed. This interesting development has not, 
to the authors’ knowledge, been used as yet by protein analysts. 
They (589) used approximately 100 gm. of 0.02 to 0.15 m acid per 
gm. of protein* The temperature of their experiments varied from 
65 to 75". 

It is usually necessary to remove the excess of the reagent used 
in the hydrolysis. Sulfuric acid is commonly precipitated by baryta 
or lime, hydrochloric acid is removed by distillation m vacuo fol- 
lowed by precipitation with silver oxide or preferably with cuprous 
oxide, hydriodic acid is removed with silver oxide or silver chloride, 
while barium hydroxide is precipitated with sulfuric acid or CO 2 . 
Block (107) has found that the excess mineral acids can be re- 
moved by synthetic anion exchange resins (Deacidite, Amberlite 
IR-4) without any loss of amino acids. 


ESTIMATION OF THE COMPLETENESS OF HYDROLYSIS 

Principle: The liberation of carboxyl and amino groups from 
peptide linkage is the object of protein hydrolysis. Hydrolysis is 
considered complete when a maximum number of -COOH or -NH2 
groups have been liberated. The carboxyl groups can be readily 
estimated by one of the modifications of the Schiff-S0rensen formol 
titration method (c/. Schmidt, 569, pp. 189 to 198) while the amino 
nitrogen can be determined by the Van Slyke method (cf. Schmidt, 
569, pp. 198-203). 



284 


AMINO ACID COMPOSITION 


A. The Amino Nitrogen Titration Method of Pope and 
Stevens {d^5) 

Principle: Amino acids form soluble copper salts. The copper 
content and consequently the NHa N of the filtrate is determined 
iodometrically. 

Reagents: Cupric Chloride: 27.3 gm. per liter (0.16 m). 

Trisodium Phosphate: Dissolve 64.5 gm. of Na2HP04 in 500 ml. 
of C02-free water. Add 7.2 gm. of NaOH and dilute the solution 
to 1000 ml. 

Borate buffer: Dissolve 57.21 gm. of sodium borate in 1500 ml. 
of water, add 100 ml. of n HCl and dilute to 2 liters. 

Cupric Phosphate suspension: Mix 1 volume of CuCb and 2 
volumes of NasPOi, then add 2 volumes of borate solution. Prepare 
fresh every few days. 

Thymolphthalein: 250 mg. in 100 ml. of 50 per cent ethanol. 

Sodium Thiosulfate: Dissolve 49.6 gm. of Na2S203 in 200 ml. of 
COrfree water and dilute to 2000 ml., add 0.1 per cent borate 
buffer and dilute to 0.01 n before use with water containing a little 
borate buffer. 

Potassium lodate: Dissolve 356.75 mg. of dried KIO3 in 1 liter 
of H2O. 

Starch: Prepare a 1.0 per cent solution of starch. Adjust the 
solution to pH 7. 

Method: To 1 to 5 ml. of amino acid solution, add 4 drops of in- 
dicator and N NaOH to a faint blue color. Then add 30 ml. of the 
Cu3(P04)2 suspension with mixing. Dilute to 50 ml. and filter. 

To 10 ml. of the filtrate add 0.5 ml. of acetic acid and 2 gm. of 
KI. Titrate the lawith 0.01 N Na2S203 using starch as the internal 
indicator. 

1 ml. of 0.01 N Na2S203 =>0.28 mg. of Amino N 

PREPARATION OF SAMPLE FOR ANALYSIS 

Although methods for the preparation of the protein sample for 
analysis have been mentioned briefly earlier in this monograph, 
the general principles are obviously simple. The protein must be 
prepared as devoid as possible from contaminating substances, 
especially carbohydrates and fats. 

The removal of fatty substances usually offers no great difficulty 
as successive extraction with acetone, hot alcohol, hot benzene, and 
anhydrous ether will almost always reduce the residual lipoids to 
very small amounts. 

On the other hand, the complete removal of carbohydrates and 
related compounds, especially from plant proteins, without chang- 
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ing the composition of proteins to be analyzed is usually difficult 
and often impossible. When, for example, the entire protein fraction 
of the cereal grains is to be analyzed, a considerable part of the 
carbohydrate moiety can be removed with th« aid of amylolytic 
enzymes or the proteins can be solubilized, and so separated from 
the carbohydrates by means of hot dilute mineral acids (4 per cent 
HCl) or by the use of proteolytic enzymes. 

Heat coagulation is often employed to separate soluble proteins 
from inorganic salts, etc. It is usually assumed that the amino 
acid composition of the heat coagulated protein is the same as 
that of the original substance. However, Calvery, Herriot, and 
Northrup (146) have shown that the amino acid composition of 
pepsin and of the heat coagulum obtained from it are not identical. 
Kiesel and Kusmin (363) have reported similar results with heat 
coagulated edestin and the undenatured protein. The importance 
of these experiments is obvious. 

Chibnall, Rees, and Williams (157A) point out that certain 
proteins are so hygroscopic when anhydrous that ‘they cannot be 
handled without special precautions; moisture and nitrogen con- 
tents should therefore be determined on separate samples of the 
air dried protein. 

DETERMINATION OF NITROGEN 

Chibnall, Rees, and Williams (157 A) in confirmation of the 
earlier investigators (Osborne, S0rensen, etc.) have again proved 
that proteins and protein hydrolysates, especially those rich in 
lysine and histidine must be digested 8 hours or more after the 
Kjeldahl liquid is clear even when catalysts and micro quantities 
are used. This is seldom done. 



CHAPTER IX 
' PART II 

SEPARATION OF AMINO ACIDS 

1. The Fractional Distillation of Amino Acid 
Esters (Fischer, 219) 

Principle: Emil Fischer (219) showed in 1901 that the ethyl 
esters of certain amino acids could be separated by fractional dis- 
tillation in vacuo. This procedure was based on the observation of 
Curtius in 1883 that glycine ester could be distilled unchanged. 

Method: Details of this method which are readily available in 
‘The Biochemistry of the Amino Acids^^ by Mitchell and Hamilton 
(462), in “The Chemistry of the Amino Acids and Proteins'^ by 
Schmidt (569, pp. 138 to 146) and in other standard text and refer- 
ence books on pvoteins, will not be repeated here. 

The method of esterifying the amino acids employed by Osborne 
and his collaborators was based on the experiments of Phelps and 
Phelps (517) who distilled the organic acids with absolute alcohol 
containing 1.25 per cent HCl and 1 per cent ZnCh Avhile passing in 
a stream of gaseous absolute alcohol. The rates of distillation and of 
instillation of alcohol were adjusted so as to keep the volume in the 
esterifying flask constant. The esterification is repeated two or 
three times. 

To reduce the hydrolysis of the esters during the removal of the 
HCl with alkali, Foreman (240) used the following procedure based 
upon the finding of Zelinsky et al. (696). After removal of the di- 
carboxylic amino acids with Ca(OH )2 and ethanol, the lead salts 
of the amino acids are prepared by heating the hydrolysate with 
an excess of litharge. The lead salts are dried and suspended in ab- 
solute alcohol and the suspension is saturated with HCl gas. The 
precipitate of PbCh is removed and washed with ethanol and the 
alcoholic solution is neutralized to about pn 6 with ammoniacal 
absolute alcohol. The precipitate of NH4CI is removed and washed 
with ethanol and the ethanol is distilled off. The residue is taken up 
in dry CHCI3 and any precipitate of NH4CI is filtered off. The 
bound HCl is removed from the esters by dry Ba(OH )2 at low 
temperature. The BaCh is filtered and washed with CHCI3 and 
after removal of the chloroform, the amino acid esters are distilled 
in vacuo. 

Cherbuliez et al. (156) acetylated the amino acid esters with an 
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excess of acetic anliydride in the presence of sodium acetate before 
fractional distillation, while Gurin (273) distilled the N acyl amino 
acid esters in a high vacuum, 10 ^ to 10“^ mm. The amino acids 
were acylated with benzene sulfonyl chloride in alkaline solution. 

Comment: Osborne and Jones (501) In 1910*made the following 
comments. ^‘The high hopes raised by the analytical methods in- 
troduced by Emil Fischer appear to have led to the assumption 
that we should soon know practically all of the constituents of the 
more important proteins ... : It is plain ... that there is a wide- 
spread feeling of disappointment.” Their experiments with mix- 
tures of the pure amino acids resulted in recoveries of from 0 in 
the case of serine, to 88 per cent in the case of leucine, with a mean 
recovery of about 60 per cent. The failure to recover serine may be 
explained by the finding of Jones and Johns (322) that serine ester 
is not extracted by ether in the presence of BaCb and Ba(OH) 2 . 


2. Exhaustive Metiiylation of Amino vVcids (Engeland, 

210 , 211 ) 

Method: This procedure, which has been used onlydor the estima- 
tion of proline and aspartic acid, has been described in the Chapters 
devoted to these amino acids. 


3. The Precipitation of Amino Acids as the Mercury 
Carbamates (Neuberg and Kerb, 473) 

Principle: All amino acids, except proline and valine, form in- 
soluble salts with mercuric acetate in the presence of Na-^COs and 
alcohol. 


RCHCOOH RCH ■ COONa 

I +Na2C03-^ I 

NH2 NHCOONa 

^ RCH— COO 


+Hg(COOCH3)2 
RCH— COO 


I 

NH— COO 
white precipitate 


NasCOa 

Hg(OOCCH3)2 


I )>HgHgO 

NH— COO 
red-yellow precipitate 


Method: Add a 25 per cent solution of mercuric acetate in water 
or ethanol containing a few drops of acetic acid and a 10 per cent 
aqueous solution of Na 2 C 03 alternately with stirring to a solution 
of amino acids until no further w^hite precipitate forms. Then add 
a slight excess of the reagents until the precipitate becomes a yel- 
lowish red. Precipitate the mercury salts with 5 to 8 volumes of 
alcohol. Wash the precipitate with 80 per cent ethanol and liberate 
the amino acids with H 2 S as usual. 
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Comment: Woolley and Peterson (689) found that the Neuberg- 
Kerb reagent did not precipitate all the amino acids and that there 
is a further loss due to adsorption (?) on the HgS precipitate, 

f 

4. Oxidation of Amino Acids with Niniiydrin 
(Ruhemann, 559) 

Principle: All naturally occurring a-amino acids, except glycine, 
are deaminated and decarboxylatcd to give NHs, CO 2 and the 
next lower aldehyde when warmed in dilute acid with ninhydrin, 
triketohydindene hydrate (Ruhemann, 559). This reaction has been 
used by Van Slyke et al. (636, 637, 638) for the estimation of lysine 
in phospho tungstic acid precipitates (c/. Chapter I) ; for glutamic 
and aspartic acids in mixtures (c/. Chapter VI) ; and by Virtanen, 
et al. (662, 663) for determination of alanine (c/. Chapter VII). 

5. Extraction of Monoamino Monocarboxylic Acids 

WITH Butanol (Dakin, 183, 185) 

Principle: Dakin (183, 185) found that the monoamino mono- 
carboxylic acids, at approximately neutral pn, could be extracted 
from a concentrated aqueous solution with warm butyl and iso- 
propyl alcohols. The details of this procedure are given in Schmidt 
(569, pp. 142-146; c/,506). 

Comments: This procedure, which appeared to ha^e considerable 
promise, has not proved satisfactory as a method for the quantita- 
tive separation of the mono from the dibasic and dicarboxylic 
amino acids. Johns and Jones (334) found alanine in the aqueous 
residue and glutamic acid in the butanol extract. Other investiga- 
tors have had similar difficulties. 

A useful extraction apparatus has been described by Woolley 
(690). 

6. Fractionation of the Copper Salts (Ehrlich, 207; 

Brazier, 129) 

Principle: The copper salts of the amino acids are prepared by 
boiling a protein hydrolysate with an excess of Cu(OH )2 or CuCOg. 
The solution is evaporated to a syrup and the salts are thoroughly 
dried by the aid of acetone. Three groups of copper salts are ob- 
tained by successive extraction with different solvents. 

A. Valine, hydroxy valine (?), proline, isoleucine, some leucine 
and tyrosine are soluble in dry methanol, 

B. Alanine, tyrosine, glutamic acid, histidine, arginine, lysine, 
and glycine copper salts are insoluble in anhydrous methanol, but 
are soluble in water. 

C. The copper salts of leucine, phenylalanine, and aspartic acid 
are insoluble in cold water and in dry methanol. 
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7. Precipitation of Amino Acids as the Barium Carbamates 
(Kingston and Schryvbr, 365, 570, 571) 

Principle: The alternate addition of Ba(OH )2 and CO 2 to an ice 
cold solution of amino acids results in the formation of the barium 
carbamates. These can be precipitated by the addition of 2 to 3 
volumes of ethanol. All amino acid carbamates, except that of 
glycine, are soluble in cold water. 

8. Fractionation of Carbamido Acids (Boyd, 118) 

Principle: A neutralized solution of amino acids is refluxed with 
an excess of KOCN to form the carbamido compounds. The reac- 
tion of the solution is brought to pn 4 with 112804 and the insoluble 
carbamido derivatives of leucine, isoleucine, and phenylalanine are 
removed. The carbamido derivatives of the monoamino monocar- 
bpxylic acids are soluble in 80 per cent alcohol. 

9. Separation of Amino Acids by Means of Dry Fatty 
Acids (Przylecki and Kasprzyk, 531) 

Principle: The protein hydrolysate is freed from all inorganic ions 
and the solution is evaporated to dryness. It is claimed that the 
basic amino acids are soluble in anhydrous butyric and caproic 
acids; that glycine, alanine, valine, leucine, phenylalanine, prolinc, 
and hydroxyproline are soluble in 99 to 99,5 per cent acetic and 
propionic acids, while tyrosine, cystine, aspartic, and glutamic 
acids are insoluble. 

Comment: The authors^ experience with this procedure has not 
been encouraging. 

*10. Determination of Amino Acids by the Solubility 
Products of Their Salts (Bergmann et al 
70, 315, 197, 588, 465A) 

Principle: The solubility product of an amino acid salt is a con- 
stant. The essential requirement of the solubility method is that 
the protein hydrolysate and the precipitating reagent should be 
agitated and filtered under constant temperature conditions. 

Apparatus: cf. Diagram II. 

Method: (Ing and Bergmann, 315): The reaction mixture is 
placed in the small bottle (a) above which rests an inverted sin- 
tered glass funnel (b). Both the bottle and the funnel have been 
weighed. The whole apparatus is enclosed in a centrifuge tube (c) 
which is closed by a tightly fitting rubber stopper (d). 

The apparatus is shaken in ice water for 24 to 48 hours after 
which the precipitate is removed by inverting the apparatus and 

Recommended procedure. 
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centrifuging at 2500 to 3000 R.P.M. for 5 to 10 minutes. The tube 
must be kept at 0° during the entire operation. 

After centrifuging, the bottle and funnel are removed, carefully 
wiped, and weighed at once. They Are then dried to constant weight 
in a desiccator. The loss of weight on drying enables a correction to 
be made for the solids contained in the mother liquor adhering to 
the precipitate and the apparatus. The solids in the original solu- 
tion must be known. The correction for adhering solids may be 
checked by washing the precipitate at 0° with a cold saturated 
solution of the pure amino acid salt. 

This process is carried out with an aliquot of the hydrolysate to 
'which an excess of the amino acid salt has been added and with a 
second solution containing the same reagents as the first, but with 
R moles of precipitating reagent added to the hydrolysate before 
the introduction of the amino acid salt. 

The undissolved amino acid salt is removed and weighed. 


Diaoram II 



Fig. 1. Two different sizes of apparatus for the analysis of the amino acid content 
of protein, a represents a small bottle; 6, an inverted sintered glass funnel; c, a 
centrifuge tube; d, a tightly fitting glass stopper; 6, an angle brass which depends 
from a metal disk,/. (From: H. R. Ing and Max Bergmann, The Journal of Bio- 
logical Chemistry, Vol. 129, No. 2, August, 1939.) 

Calculations: The quantity of the amino acid present in the 
hydrolysate is calculated from the following equations. 
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1. if Ki = K 2 , then 

^ _S^ - S^iR + S 2 ) 

11. if Ki?^K 2 but if Ki = FK 2 , then 

F{R + ^ 2 ) - 

where Ki = S,(A+S0 

K2=(R + S2)(A + S2) 

and A = mM of Amino Acid in sample 
R = mM of Reagent added 
S = mM of Salt dissolved. 

Comment: It is necessary to ascertain that the precipitating re- 
agent does not precipitate any other amino acid under the condi- 
tions used in the experiment. The solubiUties of the unnatural and 
racemic amino acid salts are not the same as the natural salts. 
This adds a further complication to the method. 

*11. The Isotope Dilution Method (Ussing, 626, 

, Rittenberg and Foster, 547) 

Principle: A compound which has an abnormal isotope content 
is inseparable from its normal analogue by the usual laboratory 
procedures. 

The quantity of an amino acid in a protein hydrolysate can be 
determined by the following formula. 



where Y = amino acid in the protein hydrolysate 

X = added amino acid containing Co per cent of isotope 
and C = the isotope content of the isolated amino acid. 

Co/C should be between 5 and 10. 

Because of the fact that optical isomers have general solubilities 
different from those of racemic compounds or mixtures; the protein 
hydrolysate must be entirely racemized, or the racemic synthetic 
amino acid containing the isotope must be resolved and the natural 
amino acid alone used, or the racemic isotope can be added to the 
hydrolysate and a sample of the natural isomer only is isolated. 

The errors of this method are due to the purity of the compound 


* Recommended procedure. 
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added, the purity of the amino acid isolated, and the accuracy of 
the isotope analysis. The errors of isotope analyses in competent 
hands are very low, while the purity of the samples of amino acid 
added and isolated^can be easily checked by repeated crystalliza- 
tion and isotope determination. 

Comment: This procedure, which appears to be the most accurate 
method for the determination of amino acids in protein hydroly- 
sates, is limited only by the availability of the complicated and ex- 
pensive apparatus needed, the synthetic isotope containing amino 
acids, and expert technical ability. 

12. Separation of Amino Acids by Chromatographic 
Adsorption 

A. Separation on Activated Carbon {TiseliuSj 609, 610, 611, cf. 667) 

Principle: If an aqueous 0.5 per cent solution of amino acids in 
0.1 M NaCl is allowed to pass upward very slowly through a layer 
of activated carbon, the different solutes will become more or less 
retarded as compared to the solvent. The degree of retardation 
will depend upon the degree of adsorption. The concentration of an 
amino acid in the effluent can be measured by the refractive index 
and mixtures of amino acids may be separated from each other 
by this technique. 

B. Separation on Activated Titania {Strain, 594) 

Principle: Activated Ti02, prepared from TiCh and K2CO3, will 
adsorb glutamic acid at pH 3.2 and histidine at pH 10. 

C. Separation of Polyamino and Poly carboxylic Amino Acids 
by Ion Exchange Substances {Block, 107, Cannan, 148) 

Principles: The diamino acids are removed from protein hydrol- 
ysates by treatment with cation exchange synthetic zeolites such 
as the sulfonated resins, Amberlites IE-1 and IR-100 or the sul- 
fonated coal, Zeo-Karb {cf. Chapter I). 

' The dicarboxylic amino acids can be separated from cation-free 
protein hydrolysates by the anion exchange substances, Amberlite 
IR-4 or De-Acidite (c/. Chapter VI). 

Method: 1. Polyamino Acids. If an ammonia-free protein hy- 
drolysate is allowed to flow at a rapid rate through a cation ex- 
change substance such as the resins, Amberlite IR-1 or IR-100 
(Resinous Products Co., Philadelphia) or a sulfonated coal such as 
Zeo-Karb (Permutit Company, New York City), arginine, his- 
tidine, and lysine are quantitatively removed from the solution and 
the pH of the effluent rise.s. The residual mono- and dicarboxylic 



SEPARATION OF AMINO ACIDS 


293 


amiuo acids are removed from the column by thorough washing 
with cation-free water. 

Lysine is separated by elution with 1.6 to 2.5 per cent H 2 SO 4 . A 
portion of the adsorbed arginine and histidine i^ also eluted at this 
step. 

Histidine is removed from the column by ion exchange with 1 
per cent NH 4 OH. The ammonia is eluted by washing the column 
with 1 per cent HCl and finally the arginine is removed by elution 
with either 7 per cent HCl or 5 per cent H 2 SO 4 . 

2 . Dicarboxylic Amino Acids. The cation-free protein hydrol- 
ysate is passed through a column of an anion exchange synthetic 
zeolite sucli as De-Acidite or Amberlite IR-4. The column is thor- 
oughly washed with anion-free water^ and glutamic and aspartic 
acids are quantitatively removed by exchange with 5 per cent HCl, 
4 per cent H 2 SO 4 or 2 per cent Na 2 C 03 . The solution of HCl or 
H 2 SO 4 is passed over the column of IR-4 until the pH of the effluent 
is below pH 1, the solution of Na 2 C 03 is passed over the column 
until the pn of the effluent rises to 8.2 or higher. , 

This exchange reaction, in contrast to the method of acid elution 
used for the removal of the polyamino acids, is, as expected from 
theoretical considerations, quantitative. 

3 . Monoamftio Monocarboxylic Acids. The effluent from the 
anion and cation exchange adsorptions consists of monoamino 
monocarboxylic acids. This colorless solution is most suitable for 
the determination of the monoamino acids by the methods de- 
scribed in this monograph and is especially valuable for the 
preparation of these substances by any of the standard methods. 

D. Separation of Amino Adds by Partition Chromatography 
{Gordon j Martin^ and Synge 261 ^ 261 A, 261 Bj 261 C, 261 
489 and Catch, Cook, and Heilbron, 150). 

Prindple: A solution of acetylated amino acids is chromato- 
graphed from an organic solvent (CIIC 13 -C 4 H 90 H, etc.) onto a 
column consisting of a water-retentive support such as activated 
silica gel or Hyflo-Supercel. The column is saturated with bound 
water (Martin) or with an inorganic base such as an hydroxide or 
carbonate for acidic amino acids or a weak inorganic acid such as 
NaHSO^ for the extraction of the diamino acids (Catch). 

Reagents: Preparation of Silica Gel (261A). Commercial water 
glass (140 Tw.-Jos. Crosfield, Ltd., Warrington, England) is di- 
luted with 3 volumes of distilled water containing a little methyl 
orange. 10 n HCl is added in a thin stream with vigorous stirring, 
addition being interrupted at intervals and stirring continued to 
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get efficient mixing. The solution changes first slowly, then rapidly 
to a thick porridge and all but the smallest lumps are broken up 
by stirring. When the mixture is permanently acid to thymol blue, 
addition of HCl is^stoppe^ and the mixture is left 3 hours. It is 
filtered on a Buchner funnel and washed with distilled water 
(approx. 2 L/250 gm. dry gel) without allowing the cake to crack. 
The gel is then suspended in n/5 HCl and aged 2 days at room 
temperature. It is again filtered and washed in the same way with 
distilled water (approx. 5 L/250 gm. dry gel) until the washings 
are free from methyl orange. Finally, the gel is crumbled and dried 
at 110°C in an air oven. With such a preparation the addition of 
53 per cent W/W of water saturated with methyl orange or a 0.05 
per cent aqueous solution of pelargonin chloride, should be satis- 
factory. 

Preparation of Column (439, 261A). 3 gm. of silica gel saturated 
with methyl orange are suspended in 3 per cent n-butanol-chloro- 
form (3 ml. of BuOH-100 ml. of CHCL). This suspension is intro- 
duced into a chromatogram tube having an internal diameter of 
1 cm., 30 cm. long, with a double layer of filter paper or a perforated 
silver disc at the bottom. The solvent is allowed to drain out, but a 
stopper is placed in the top of the tube to prevent the entrance of 
air. The solvent emerging is almost devoid of indicator for the 
MO should be firmly held in the aqueous phase. 

Hydrolysis and Acetylation (201 D). The protein is hydrolyzed 
with 6 N HCl in sealed tubes in vacuo for 24 hours. After removing 
the excess HCl by concentration, the residue is dissolved in a little 
water and 0 n NaOH is added to alkaline to thymolphthalein, the 
solution is concentrated to a thin syrup. The amino acids are 
acetylated by 5 ml. of 4 n NaOH plus 1 ml. of acetic anhydride 
added in 5 equal portions in the course of 15 minutes. The solution 
is shaken and cooled in ice water between each addition. The 
solution is allowed to remain alkaline to thymolphthalein for 10 
minutes and then it is acidified to thymol blue with 10 n H 2SO4. 

Chromatographic Procedure (439, 261 A). When the column is 
ready the acetylated amino acid mixture is transferred to it by 
repeated hot extraction with 1 ml. portions or less of the solvent 
mixture. The solution is added carefully to the top of the column 
from a pipette without disturbing the gel. Each portion is allowed 
to drain into the gel before the next is added. An alternative 
procedure is to adsorb the acidified acetylation mixture on suffi- 
cient silica gel, then make a slurry with 17 per cent butanol- 
chloroform (half-saturated with water) and make into a column 
in the usual way (cf, 261 D). 
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The acetylated amino acids are chromatographically separated 
by repeated adsorption on silica gel and elution with the following 
solvents: 1 per cent butanohCHCU, 3 per cent butanohCHCh, 
17 per cent butanol-CHCls, 5 *per cent propanol cyclohexane, 30 
per cent propanol-cyclohexane. 

Comments: This procedure, which permits the separation and 
estimation of a half dozen mono amino acids from a solution con- 
taining only 2 to 4 mg. of nitrogen, appears to represent a marked 
advance in amino acid chemistry, although the technical details 
are still in a state of flux. The table given below lists some of the 
results obtained by Gordon, Martin and Synge using partition 
chromatography. The readers attention is called to the isolation 
of ornithine from tyrocidine, a unique finding of considerable im- 
portance. 

Amino Acid Composition Calculated to 1 6.0 gm. of N. 

(261A, 261B, 2G1C, 261D) 


AMINO ACID 1 

GELATIN 

WOOL 

GRAMICIDIN 

TYROCIDINE 


gm. 

gm. 

gra. 

gm. 

Methionine 

0. 5-1.1 

0.3 



Tryosine 


5.8 


12.4-14.1 

Tryptophane 



47-53 

1-1 1 

Phenylalanine j 

0.8-1 .0 

1.5 


23-28 

Leucine 

Isoleucine 

5.1) 

9.3 

30.3 

11-13 

Valine 

2.3 

5.2 

22.2 

9-11 

Glutamic Acid 




10.3-12.1 

Aspartic Acid 




9.3-10.5 

Proline 

12.7 

6.8 


7.7- 8.5 

Alanine 

8. 4-9. 2 

4.0 

10.3 


Glycine 

Ornithine 



4. 5-5. 7 

7-10 


E. Microbiological Determination of Amino Acids [Lyman ^ Kuiken^ 
Norman^ and Hale, Jf33B; Thompson 608 A) 

Principle: The ability of certain microorganisms to grow on 
synthetic media permits the development of methods for the 
quantitative determination of each separate constituent in the 
medium. This procedure has been widely used during the past few 
years for the determination of vitamins and recent reports indicate 
that it may be more accurate and much simpler than many of the 
chemical methods for amino acids available at present. The 
development of this method is awaited with interest. 

Procedure: (Lyman, Kuiken, Norman, and Hale, 433B). The 
complete medium for Lactobacillus arabinosus 17-5 of Snell and 
Wright (582A) is used except the casein hydrolysate is replaced by 
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2 mg. each of threonine, valine, leucine, isoleucine, lysine, phenyl- 
alanine, alanine, arginine, histidine, proline, serine, methionine, 
tyrosine and 4 mg. of aspartic acid and 4 mg. of glutamic acid. 
1 mg. of a Norite eluate from tom'ato juice per 10 ml. of medium 
and p-aminobenzoic acid are also added. 

By leaving out one of the amino acids which is essential for the 
growth of Lactobacillus arahinosus (glutamic acid, tryptophane, 
threonine, valine, leucine, isoleucine, cystine, lysine or phenyl- 
alanine), a medium for the determination of that particular amino 
acid is prepared. The amount of lactic acid formed in the test 
cultures is indicative of the quantity of the amino acid present in 
the unknowm. 

Comment: The Food Research Laboratories, Long Island City, 
New York is prepared to carry out amino acid analyses by the 
microbiological method. 
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PART III 

CARBOHYDRATE REACTIONS 

1. Dische's Test tor Carbohydrates (196) 

Principle: Dische (196) found that the carbohydrate component 
of thymonucleic acid gives colored compounds with (a) 0.5 per 
cent HCl and indole; (b) carbazole in 80 volume per cent of H2SO4, 
(c) diphenylamine in H2SO4. 

A, Gurin and Hood’s Elaboration of the Dische Reaction {27 fi) 

Principle: Dische's carbazole reaction gives a pink color with 
glucose, a brown color with mannose, and an intermediate color 
with galactose. 

Reagents: Purification of Carbazole. Dissolve 1 part of technical 
carbazole in 20 parts of diluted H2SO4 (8 volumes of nitric acid-free 
H2SO4 to 1 volume of HaO). Stir for 1 hour. Pour the solution into 
a large volume of ice water, filter and wash the carbazole with cold 
water. Recrystallize the precipitate first from toluene, then from 
70 per cent ethhnol. Repeat the whole process starting with solution 
in H2SO4. 

Method: Cool 9 ml of 8:1 112864 to O'’ and add 1,0 ml. of un- 
known containing 0.05 to 0.2 mg. of sugar. Do not allow the tem- 
perature of the solution to rise above 0° during this addition. Then 
add 0.3 ml. of 0.5 per cent carbazole in absolute ethanol. Mix and 
heat in a boiling water bath for 10 minutes. Cool to 0° and read the 
color. 

If the sugar solution is pure, use filter 660 mu for glucose, 540 
mu for galactose, 520 mu for mannose, and 420 mu for fructose. 

Comment: The quantities of two sugars in a mixture can be esti- 
mated from the ratio of the extinction coefficients at 420 mu and 
520 mu respectively, provided other supplementary qualitative 
tests are carried out. 

Tryptophane introduces a serious error in this reaction. 

Gurin and Hood (274) found 0.5 per cent of galactose in casein, 

2. The Paul y-Lud wig Hexosamine Reaction (515) 

Principle: Hexosamines condense with ace tylace tone to yield 
substituted pyrrols. The latter give colored compounds when 
treated with p-dimethylaminobenzaldehyde (Elson and Morgan 
208; Sorensen, 583). 
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CH — CCOCH 3 

Glucosamine || || 

+CHsC 0CH2C0CH3->CH20HCH0HCH0HCH0HC C • CHa 

* \ / 

, . NH 

3-acetyl-2-methyI-5-tetrahydroxybutylpyrroL 

A, Palmer, Smyth, and MeyePs Modification of the Method of 
Elson and Morgan {208, 610) 

Reagents: Acetylacetone. Prepare just before use by dissolving 
0.2 ml. of acetylacetone in 10 ml. of 0.5 N Na 2 C 03 . Keep cold. 

Aldehyde-free Alcohol. Distill ethanol after treatment with Ag^O 
and NaOII in an all glass still. 

Purification of p-Dimethylaminobenzaldehyde : Dissolve the 
best commercial grade in concentrated HCl, dilute with water and 
fractionally precipitate the aldehyde by the addition of saturated 
sodium acetate. Use only the pure white fractions. 

Ehrlich’s reagent: Dissolve 800 mg. of purified p-dimethyl- 
aminobenzaldehyde in 30 ml. of aldehyde-free ethanol and add 30 
ml. of concentrated HCl. Keep cold. 

Method: 1. Hydrolysis. A sample containing 0.25 to 1.25 mg. of 
hexosamine is diluted to 1 ml. with water and 1 ml. of 8 N HCl is 
added. The tube is sealed off and placed in a boilings water bath for 
8 hours. The contents are then diluted to 25 ml. Ten ml. of this 
solution are titrated to the turning point of methyl red with 0.25 
N NaOH. 

Another 10 ml. of the hydrolysate are transferred to a 25 ml. 
volumetric flask and neutralized with 98 to 99 per cent of the 
amount of alkali determined from the preliminary titration. Ef- 
ficient stirring is necessary at this point. The solution is diluted 
to 25 ml. 

2. Condensation with Acetylacetone. 0.5 ml. of acetylacetone 
are added to 1 ml. of the neutralized hydrolysate. The tube is 
placed in a boiling water bath for 15 minutes, so that the contents 
are covered by the boiling water, but the neck of the tube can be 
cooled by a strong current of air. 

The tubes are then cooled in water. 

3. Reaction with p-Dimethylaminobenzaldehyde. The solution 
is diluted with 2.5 ml. of aldehyde-free alcohol and 0.5 ml. of 
Ehrlich’s reagent are added with stirring. The solution is then di- 
luted to 5 ml. with alcohol- and the contents are mixed. The color 
is read using filter 530 mu. 

Comment: It is important to carry out both reagent ‘^blanks” 
and controls with standard solutions simultaneously with each 
group of unknowns. The standard conditions must be adhered to 
in every detail. 
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T he values given in the following tables were taken from the 
detailed figures in the previous Chapters and are presented 
by the authors with considerable reserve for these figures can 
be easily misinterpreted. 

It cannot be stressed too often that, with few exceptions, the 
methods for the estimation of the amino acids in protein hydrol- 
ysates are not ideal; there are further errors of varying magnitude 
during the liberation of the amino acids by hydrolysis, and finally 
in the case of the nutritionally important food proteins, especially 
those of plant origin, large specie differences may exist. In fact 
just as the vitamin and mineral contents of a plant can be varied 
by breeding and cultivation, it is probable that the amino acid 
composition of the proteins of that plant can likewise vary. There 
may come a day, in the not too distant future, wdien plants will be 
bred for their content of the essential amino acids as well as certain 
of the vitamins. 

As all the dhta in previous Chapters have been calculated as 
gm. of amino acid per 16 gm. of nitrogen, the values given in the 
summary tables are likewise so calculated. If, for example, one 
wishes to know the approximate amino acid composition of a puri- 
fied laboratory sample of fibrin which analyzes for 17.7 per cent 
of nitrogen on a moisture and ash-free basis, then it is only neces- 
sary to multiply the proper values in Table 2 by the factor 


16.0 

If on the other hand, one wishes to know approximately how 
much of each of the essential amino acids is being ingested by a 
group of rats eating a diet which contains commercial fibrin, 
N = 13.0 per cent; then these values in Table 2 are multiplied by 
the factor 


13.0 

or 0.81. 

16.0 

If a sample of flour contains 12 per cent protein (Nx5.7), then 
the approximate quantity of the amino acids supplied by 100 lbs. 
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of that flour could be ascertained by multiplying the values in the 
last column of Table 10 by the factor 
2.1 

or 0.131. 

' 16.0 

TABLE 1 

Approximate Percentage of Amino Acida in Animal Proteins 
AlbuTtvinoidi 

Calculated to 16.0 gm.of Nitrogen 


AMINO ACIDS 

GELATIN 

ELASTIN 

Arginine 

9.3 1 

0.9 

Histidine 

1. 0 + 0.1 

0.0 

Lysine 

5,0 

7 

TsTOsine 

0.2 j 

1.5 

Tryptophane 

0.0 

0.0 

Phenylalanine 

2.5 

3.4 

Cystine 

0.1 

0.2 

Methionine 

0.8 

0.4 

Serine 

3.3 1 


Threonine 

1.5 

2.5 

Leucine 

3.7±0.5 


Isuleueine t 

1.7 1 


Valine 

2.5 1 

13 

Glutamic Acid 

10.2 


Aspartic Acid 

6.2 

0.0 

Glycine 

23.6 

27.5 

Alanine 

10 

6 

Proline 

15.3 + 0.4 

^ 14.2 

Hydroxyproline 

13 

1.9 


“ Includes isoleucine. 


TABLE 2 

Approximate Percentage of Amino Acids in Animal Proteins 
Blood Proteins 

Calculated to 16.0 gm. of Nitrogen 


AMINO ACIDS 

1 

FIBRIN 

1 

UEMOOLOBrNB 

SERUM 

PROTEINS 

BENCE-JONES 

PROTEINS 

Arginine 

7.8 

3. 5 + 0. 3 

5.8±0.3 

4-6 

Histidine | 

2.9 

7. 6 + 0. 4 1 

2.6±0.1 

1 

Lysine 

8.8 

9.0 

8.P + 0.4 

4-7 

Tyro.sinc 

5. 1+0. 7 

2. 4+0. 3 ' 

5.4±0.3 

5-10 

Tryptophane 

3.4±0.4 

1.5 

1.7±0.1 

1-2 

Phenylalanine 

7 

7.7±0.9 

5.4 


Cystine 

1.9 + 0. 4 

0.4-1. 8 

3.610.1 

3 

Methionine 

3.1 

0.5-1. 8 

1.9 

0.7 

Serine 


5.2 



Threonine 

7.9 i 

6.8 

6.3 i 


r.<ucine 

14.3±3.9 

16.6±2.3 

18 


Isoleucine 

5.0±0.5 

1.6±0.3 

3 


Valine 

3. 9 + 1. 8 

8.2±1.0 

6 


Glutamic Acid 

13.8±0.1 

5.7 


8,6 

Aspartic Acid 

ll.9±0.i 

8.1 


4.7 

Glycine 

5,.4±0.1 

trace 



Alanine 


7-8 


5 

Proline 


3 


■ 7 

Hydroxyproline 

i 

0 

0 

0 
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TABLE 3 

Approximate Percentage of Amino Acids in Animal Proteins . 

Egg PVofefna 

Calculated to Itf.O gm, of Nitrogen 


AMINO ACIDS 

ALBUMIN 

1 

VITELLIN 

LFVETIN 

1 •»— 

EGG WHITE 

WHOLffi EGG* 

EGG YOLK 

Arginine 

5.7±0,3 

8.0 

5.8 

5.8 

6.4 i 

8,2 

Histidine 

2.4 

1 1.4 

1.2 

2.2 

2.1 

2.6 

Lysine 

7.7 

0 

5.2 

6.5 

7.2 1 

5.5 

Tyrosine 

4.2±0.1 

5.3 

6.3 

4.8 

4.5 

6.3 

Tryptophane 

1.4L0.2 

1.8 

1.5 

1.6±0.2 

1.5 

1.6±0.2 

Phenylalanine 

6 

3 


S 5.5 

6.3 

.5.7 

Cystine 

2-3 

1.3 

! 3.1 

2. 3 + 0. 4 

2.4 

1.9 

Methionine 

5,0±0.3 

2.9 

2,4 

4.4 

4.1 

2-3 

Serine 

7.0 

9.4 





Threonine 

3-4 

4.9 



4.9 


Leucine 

9.4 




9.2 


fsoleucine 





8.0 


Valine 

6.8 




7.3 


Glutamic Acid 

16.3±0.2 

12.7 

7.0 




Aspartic Acid 

8. 2 + 0. 2 


3.1 




Glycine 

1.9 

1 



2.5 


Alanine 

7.4 


6 




Proline 

4-6 1 


2-3 


, 



* Considered by the authors to represent the best balanced protein. 


TABLE 4 

/fpproximate Percentage of Amino Acids in Animal Proteins 
Feeds ap.d Foods 

Calculated to 16.0 gm. of Nitrogen 


AMINO ACIDS 

TANKAGE 

MEAT 8CHAP9 

FIBH 

stick water 

FISH MEAL 

Arginine 

5.5 

7.0 

5.4 

7.4 

Histidine 

2.7 

2.0 

2.6 

2.4 

Lysine 

6.0 

1 5.1 j 

' 4.1 

7.8 

Tyrosine 

2.9 

.3.2 1 

0.8 

3.6 

Tryptophane 

0.7 

0.7 

1 0.8 

1 1.2 

Phenylalanine 

6.0 

4.5 

1.9 

4.8 

Cystine 

1 

1.0 

+ 

1.0 

Methionine 

3 

2.0 

1.5 

2.9 

Threonine 

3-4 

4 

2.3 

5.1 

I-eucine 

13 

8.0 

2 

7.1 

Isoleucine 

2-3 

6.3 

1 

6.0 

Valine 

fi 

5.8 

3 

5.8 
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TABLE 5 

Approximate Percentage of Amino Acids in Animal Proteins 
Hormones and Emymes 
Calculated to 16.C gm. of Nitrogen 


amino acids * 

•' insulin 

PEPSIN 

THYROQLOBULIN 

Arginine 

^ 3.3 

1.4 j 

' 7.4 

Histidine 

5.0 

t race 

3 

Lysine 

1.3 

1 1.9 

6-6 

Tyrosine 

12.8 

10.8 

3.0 

Tryptophane 

0-0 

' 2.3 

2.1 

Phenylalanine 

8.4 

i 


Cystine 

12.9 + 0.4 

1.5 

2-4 

Methionine 

0.0 


1.3 

Serine 

3,6 



Threonine 

2.7 

9.9 



TABLE 6 

Approximate Percentage of Amino Acids in Animal Proteins 
Keratins 

Calculated to IG.O gm. of Nitrogen 


amino acids 

' HAIR i 

■WOOL 

1 HORN 

FEATHERS 

SILK FIBROIN 

Arginine 

10.7 1 

■ 10.0 

10.4 1 

6.5 

0.9 

Histidine 

1.0 

0,7 

1 1 

0.7 

0.06 

Lysine 

2.6 , 

3.0 

3.2 1 

1.8 

0.5 

Tyrosine 

3.1 

1 5.1 

! 4-6 

2»3 

11.1 

T ryptophane 

1.3 

1.5 

1.5 

1 


Phenylalanine 

2.7 i 

3.9 

4 

5 


Cystine 

15.9 + 0.9 

ll.I±0.9 

i 7.3 

9-10 

0 

Methionine 

1-2 j 

1 0.6 



0 

Serine 





12.9 

Threonine 

6.4 


6-6 


1.3 

Leucine 

7-10 


15+1.6 


0 8 

Isnleucine 

3-4 


! 4-5 



Valine 

3-6 

4-5 

5 + 0,5 1 

, 1 

2.7 

Cilut.amic Acid 

12.2 

15.3 

■ 18 



Aspartic Acid 

3.0 

7,3 

3 1 



Glycine 

4-5 

7 1 

! 10 


36,8 

Alanine 


4 

2 1 


22.2 

Proline 

8.5 

9.3 



1 


Includes isoleu cine. 
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TABLE 7 

Approximate Percentage of Amino Acids in Animal Proteins 
Milk Proieini 

Calculated to 16.0 gm. of Nitrogen 


AMINO ACIDS 

CASEIN 

4 

LACTALBUMIN 

iS-LACTO- 

GLOBDLIN 

'fKOLE MILK 

COW 

WHOLE MILK^ 

HUMAN 

Arginine 

4.1±0.2 

3.5±0.5 

3.1 

4.3 1 

5.0 

Histidine 

2.5±0.3 

2. 0 + 0. 3 

1.8 

2.5 

2.7 

Lysine 1 

0.9±0.7 

9.0 

10.4 

7.5 

7.2 

Tyrosine 

6.4±0.4 

5. 3 + 0.1 

4.3 

5.3 

5.1 

Tryptophane 

1.8L0.2 

2. 3 + 0. 3 

2.0 

1.6 

1.9 

Phenylalanine 

5.2±0.5 

5.6 

' 6.3 

5.7 

5.9 

Cystine 

0.36 + 0.04 1 

4.1 

3.6 

0.7 i 

3,4 

Methionine , 

3.5±0.3 

2.8±0.2 

3.6 

3.7 

2.0 

Serine 

7.6 1 

4.9 

1 4.6 



Threonine 

3.9±0.1 

5.3 

6.0 

4.0 

4.6 

Leucine 

12.1 

15* 

17.7±4,2 

11,3 

10.2 

Isoleucine 

6.5 1 

j 

6.0 

6,2 

7.6 

Valine 

7.0 

4 

1 6,2 

' 6,6 

9.9 

Glutamic Acid 

22.8 j 


22.1 



Aspartic Acid 

6.3 


1 10. t 



Glycine 

0.5 1 





Alanine 

5.6 

0-1 


1 


Proline 

8.2 1 





Hydroxyproline 

2 






* I.euciite and isoleuinnc. 


^ TABLE 8 

Approximate Percentage of Amino Acids in Animal Proteins 
Tissue Proteins 

Calculated to 16.0 gm. of Nitrogen 


AMINO ACIDS 

ENTIKE 

ANIMALS 1 

BRAIN ^ 

LIVER j 

ANIMAL 

MUSCLE 

FISH 

MUSCLE 1 

MIXED 
^ GLANDS 

Arginine* 

6.6±0.4 

6. 6 + 0. 2 

1 

6. 5 + 0. 7 j 

7. 2 + 0. 9 

7.4 

6.610.4 

Histidine 

2.0 

2.6±0.2 

2.8±0.3 

2.1±0,2 , 

1.9 + 0. 6 

2. 2 + 0. 4 

Lysine 

6.0±0.3 

6.2 + 0.3 

6.3 . 

7.6 + 1.0 

7.8 

1 5.710.5 

Tyrosine 

3.3±0.3 

4.1±0.1 i 

3.9±0.2 

3.1±0.3 1 

3.8 

3.110.5 

Tryptophane 

1.0±0.2 

1. 3 + 0.1 . 

1.5±0,2 

1.2 + 0. 2 

1. 3 + 0.1 

' 1.010.3 

Phenylalanine 

4.0 

4. 9 + 0. 5 

7.3 

4-6 

4.8 

4.610.9 

Cystine 

2. 2 + 1,0 

1.8 + 0. 2 

i.4±o.: 

1.1±0,3 

1.210.1 

1.310.1 

Methionine 

3 

3 

3.2±0.1 

3. 2 + 0. 3 

3.2 

3 

Serine 


7.1 

7.3 

5.7 

4.5 1 

6.8 

Threonine 

4.5 

5.8 

5.8 

5,3±0.4 

5.1 

3. 8 + 0. 3 

Leucine 

10.8 + 0.1 

13.4 + 2.2 

8.4 1 

8.0 

7.1 

8.0 

laoleucine 


3.0±0.3 

5.6 I 

0.3 

G.O 

5.6 

Valine 


4. 9 + 0. 7 

6.2 

5 8 

5.8 i 

5.3 

Glutamio Acid 



11.4 

15 

14 


Aspartic Acid i 



6.9 1 




Glycine 

10 


8.5 j 

4 



Alanine 


6 



7 


Proline 1 




6 

3 
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TABLE 9 

Approximate Percentage of Amino Acids in Plant Proteins 
Com Proteins 

Calculated to 16.0 gm, of Nitrogen 


AMINO 

ACIDS 

WHOlfJ! 

COEN 

GERM 

GLUTEN 

ZBIN 

1 

2EJN 

RESIDUE 

ALBUMINS 

Arginine 

4.0 

6.8 

; 3.1 

1,6±0.2 : 

2.9 

5.4 

Histidine 

2.4 

2.7 

1.7 

0.9±0.2 

1.6 

■ 6.7 

Lysine 

2.0 

5.8 

1.1 

0.0 

1.6 

1 1 

Tyrosine 

b.l 

4.9 

6.2 

6.0±1.2 i 

6,2 

3.8 

Tryptophane 

0.8 

1.3 

0.6 

0.1 1 

1.1 

0.7 

Phenylalanine 

6.0 . 

5.6 

6.6 

6. 4 + 0. 7 

4.5 

! 1.7 

Cystine 

1.1 i 

1.2 + 0. 3 

1.2 

0.8±0,1 i 

1.8±0.3 

0.5 

Methionine 


2. ,3 

4 

2.0 

4.8 


Threonine 

3.G 

4.4 

4.0 

2.4 

4.0 

3.9 

I>eucine 

21.5 + 2,4 

6.7 

24.7±3.7 

23.7 ±2.1 

n.0±2,9 

11.3 + 4.1 

Isoleucine ■ 

3.6±0,.3 j 

3.7±0.4 

4.9±0.3 

4.3±0.4 

2.0±0.3 

1.3±0.4 

Valine 

4.610.7 

5,8±1.2 

4.6±1.4 

2. 4 + 0. 9 

5.5±1.0 

2.5±l,l 

Glutamic Acid 



24.5±0.4 

35.6 



Aspartic Acid 




3.4 



Glycine 



4.3 

0.0 1 

9.6 


Alanine 




9.9 



Proline 




9-12 



Hydroiyproline 

, 



1 




TABLE 10 

Approximate Percentage of Amino Acids in Plant Proteins 
Grasses, Leaves, Yeasts, Enzymes, Pirusea j,, 

Calculated to 16.0 gm. of Nitrogen 


AMINO ACIDS 

GRASSES 

LEAVES 

VIRUSES 

yeasts 

Arginine 

6.9±0.4 

6.6±1.0 

9-10 

4.3±0.5 

Histidine 

1.6±0.4 

1.4±0.3 

00.6 

2.8±0.3 

Lysine 

5.8 

5.010.4 

0.0 

7.510.4 

Tyrosine 

5.0±0.2 

.5.3 ±0.2 

4-6 

4,2±0.2 

Tryptophane 

2.1 + 0.1 

2.110.4 

1.5to 4.9 

I 1.310.2 

Phenylalanine 


4-5 

4-10 

' 4.110.5 

Cystine 

2.0 + 0. 1 

1.8 + 0. 2 

0.7 

1.1 

Methionine 

2. 4 + 0.1 

2.310,3 

■ 0.0 ! 

2.0 

Serine 



7.0 ; 


Threonine 


4.8 

6.3 

5.5 

Leucine 


11 


7.3 

Isoleucine 


5. 4 + 0. 2 


6.0 

Valine 


6 


6.3 

Glutamic Acid 



6.0 


Aspartic Acid 



3.0 


Glycine 



0.0 


Alanine 



2,8 


Proline 



5.5 


Hydro xyproline 
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TABLE 11 

Approximate Percentage of Amino Acids in Plant Proteins 
Proteins 0/ Seeds 

Calculated to 16,0 gm. of Nitrogen 


AMINO 

Acrna 

nrrroN- 

SEEP MEAL 

LINSEED 

MEAL 

•> 

PEANUT 

FLOUH 

1 

SOYBEAN 

^ meal ^ 

OATS 

BICE 

Arginine | 

7.4 

6.y 

, U.9 

5.8 

6.0 

. 7.2 

Histidine 

2.6 

1.9 

: 2.1 

2.3 

2.0 

1.5 

Lysine 

2.7 

2.0 

3.0 

5.8 

3,3 

3.2 

Tyrosine 

3.2 

' 5.1 

' 4.4 

4.1 

4,5 

6.8 

Tryptophane 

1.3 

1.6 

1.0 

1.6 

1,3 

1.3 

Phenylalanine 

6.8 

1 5.8 

5.4 

5.7 

6,9 

6.3 

Cys( ine 

2.0 

1.9 j 

1.6 

^ 0.6±1.4 

1.8 1 

' 1.4 

Methionine 

1.6 

2,3 

1.3 

2.0 

2.3 

3.4 

Serine 







Threonine 

3.0 

4.5 

1.5 1 

4.0 

3.5 

3.9 

Leucine 

5,0 

7.5±2.8 

5,5 

6.6 

8.0 

9.0 

Isoleucine 

3.4 

3. 4 ±0.3 

3.4 

4.7 

6.3 

5.1 

Valine 

3.7 

5.8±1.3 

4.0 

4,2 

6.5 

6.4 

Glycine 

5.3 


5.6 





TABLE 12 


Approximate Percentage of Amino Acids in Plant Proteins 
Wheat Proteins 

Calculated to 16.0 gm. of Nitrogen 


AMINO 

ACIDS 

WHOLE 

WHEAT 

1 

GERM 

GLUDIN 

GLUTEN 

FLOUR 

Arginine 

2.8±0.5 

6.0 

2.6±0.2 

3.9 

3.9 

Histidine 

1-2 

2.5 

1.6±0.2 

2.2 

2.2 

Lysine 

2.7 

6,4 

0.7 

1.9 

1.9 

Tyrofline 

3.8±1.0 

3.8 

2.8±0.4 

3.8 

3.8 

Tryptophane 

1 .2 

1.0 

! 0.810.1 

1.0 

0.8 

Phenylalanine 

5.7 

4.2 


5.5 

5.6 

Cystine 

1.3±0.3 

O.G 

2.110.2 

1.7 

1.9 

Methionine 

Serine 

2.0 

2 

2.1 

3 

3 

Threonine 

3.3 

3.8 

2.7 1 

2.5 

2.7 

Leucine 

5.8 

7.4±2.3 

6.1 i 


9.1 

Isoleucine 

3.3 

3.010.5 



4.5 

Valine 

Glutamic Acid 

3.6 

4.1±1.0 

42. 

27 

5.0 

Aspartic Acid 



1.3 

10 


Glycine 



0-1 

9 

7.2 

Alanine 



2-3 

5 


Proline 

Hydro xyproline 



12 

10 





CHAPTER XI 


THE ESSENTIAL AMINC) ACID REQUIREMENTS 
OF MAN ' 

T he data summarized in this monograph have been used to 
estimate the average annual human consumption of each of 
the essential amino acids by the people of the United States 
during the years 1937 to 1941 inclusive (c/. Block, 108). Table I 
gives the average annual per capita consumption of foodstuff, of 
protein, and of each of the essential amino acids. 

Table II indicates the optimal daily essential amino acid re- 
quirements of man as calculated from the data of W. C. Rose, 
on growing rats, and the analyses of 1. G. Macy and Block (c/. 
108). The quantities of each of these amino acids which would be 
supplied by the ingestion of 100 gm. of protein from meat, milk, 
white flour, and bread enriched with 6 per cent milk solids are also 
presented. 

Table III shows the average requirement of each of the essential 
amino acids as based on the figures of Rose, Macy, and Block and 
the percentage of, each of these amino acids which would be supplied 
by 100 gm. of protein from meat, milk, flour, and bread. Even 
though cow’s milk protein is definitely inferior to the protein of 
human milk, the calculations in table III demonstrate its average 
superiority over meat, flour, and bread proteins. 

The deficiencies of white flour in lysine and tryptophane are 
weU known, but not those of threonine and valine. A brief calcula- 
tion may be of interest. If the daily human requirement of lysine 
is 5.2 gm. then it would take 186 gm. of protein or approximately 
6200 calories from enriched bread made with 6 per cent milk solids 
to supply 5.2 gm. of lysine per day. If the bread were made from a 
'‘lean” formula, 260 gm. of protein or approximately 8600 calories 
of bread (8 loaves) would have to be eaten per day. 

However, it appears from these calculations that the addition 
of 2 gm. of lysine per 100 gm. of protein in bread prepared with 6 
per cent milk solids or 2.4 gm. of lysine per 100 gm. of protein of 
bread made with 3 per cent of milk solids, would supply the average 
daily requirement of the essential amino acids if 108 gm. of protein 
or approximately 3600 calories of bread (3 loaves) were eaten. 
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table 1 

Estimated Average Annual Per Capita Consumption of Essential 
Amino Acids in ihe United States I937~1941 



DAIRY 

PHOUUpTS 

MEATS 

AND Fma 

4 

EGGS 

BEANS 

AND NUTS 

CERBAIiS 

TOTAL 

POUNDS 

GRAMS 

PER DAY 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

! 

lbs. 


As Eaten* 

307.8 

136.5 

37.7 

16.0 

196.1 1 



As Protein 

14.9 

27.3 

5.7 

4.0 

19.6 

71.5 

89 

Arginine 

0.64 

1.80 

0.40 

0.21 

0.76 1 

3.81 

4.74 

Histidine 

0.37 

0.57 

0.14 

0.07 

0.45 

1.60 1 

1.99 

Lysine 

1.12 

2.10 

0.34 

0.19 

0.40 

4.16 

6.16 

Tyrosine 

0.79 

0.96 

0.28 

0.16 

0.91 

3.10 j 

3.66 

Tryptophane 

0.24 

0.33 

0.09 

0.06 

0.18 

0.90 

1.12 

Phenylalanine 

0.85 

1.23 

0.32 

0.23 

1.16 

3.79 1 

4,71 

Cystine 

0,16 

0.30 

0.12 

0.04 

0.33 

0.95 , 

1.18 

Methionine 

0.42 

0.93 

0.23 

0,08 

0.69 

2.35 

2.93 

Threonine 

0.G9 

1.17 

0.29 

0,16 

0,61 

2,92 1 

3,83 

Leucine 

2.24 

3,3 

1.1 

0.32 

3.14 

10.1 

12.6 

Isoleucine 

0.75 

0.93 

0.30 

0,16 

0.81 

2,95 

3.67 

Valine 

0.97 

0.95 

0.28 

0.18 

0.75 

3.13 

3.90 

Glycine 

0.07 

1.4 

0.15 

0.06 


1-2 



Cereals: calcidated from | wheat and i corn, 
• From .Agricultural Situation, August 1942. 


TABLE II 

Daily Essential Amino Acid Requirements of Man 
Calculated Amounts. Sources of Supply 


AMINO 

ACID 

Suggested by 

SUPPLIED BY 100 QM. 

OP PROTEIN PROM 


Rat i 
Growth 

Amino Acid Aimlysea i 

Meat 

Milk 1 

1 White 

“En- 

1 riched”* 




1 Flour ' 

1 


(Rose) 

(Macy) 

(Block) 



1 Bread 


gm./day ; 

gm./day 

gm./day 

gm. 

gin. 

gm. i 

gm. 

Arginine 

1.2 

4.7 

4.7 

7.2 

4.3 

3.9 

3.5 

Histidine 

2.4 i 

1.6 

2.0 1 

2.1 

2.6 

2.2 

2.3 

Lysine 

6.0 

4.6 

5.2 

8.1 

7.5 

2.0 

2.8 

Tyrosine 


3.9 

3.9 

3.1 

5.4 

1 3.8 

! 4.4 

Tryptophane 

1.2 

0.9 

1.1 1 

1.2 

1.6 

1.0 

1.3 

Phenylalanine 
Cystine + 

4.2 1 

4.2 

4.7 , 

4.5 

5.7 

5-5 

5.1 

Methionine 

3.6 1 

3.7 

4.1 1 

4.2 

4.0 

4.2 

4,2 

Threonine 

3.6 

3.2 

3.6 

4.3 

4.8 

2.7 j 

1 2.8 

Leucine 

5.4 

9.6 

12.6 i 

12.1 

16.2 

12.0 

11.2 

Isoleueine 

3.0 

3.1 

3.7 

3.4 

4.4 1 

! 3.7 

3.3 

Valine 

i 

4.2 j 

J 

N 3,9 

3.4 

5.5 


3.1 


Enriched bread contained 6 per cent milk solids ana high vitamin yeast. 
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table \\\ 

Percentage of Optimal "Daily Uequitement of Eaclti of tlie Essential 
Amino Acids Supplied by 100 gm. of Protein from Meat, Milk, 
White Flour, “Vitamin Enriched" Bread, Corn, and Soybeans 


AMINO 

ACID 

AVEHAHIS 

REQUIRE- 

MENTS 


♦ t 

eUPPElED BY 100 GM. OK PROTEIN FROM 



Calcu- 

lated 

Meat 

Milk 

White 

Flour 

“Enriched" 

Bread 

Corn 

Soybeans 


gm. , 

1 % 

% 

% 

' % 

1 % 

% 

Arginine 

3.5 

210 

' 125 

no 

no 

1 115 1 

165 

Histidine 

! 2.0 

105 1 

! 125 

no 

113 

1 120 1 

115 

Eysine 

5.2 

145 

140 

40 

! 55 

40 

105 

Tyrosine 

3.9 

80 

140 

100 j 

! 115 

155 

105 

Tryptophane 

l.I 

no 

175 

90 , 

1 120 

55 

145 

Phenylalanine 

4.4 

100 

130 

1 125 

115 

105 

125 

Cystine -f- 
Methionine 

3.8 

no 

105 

no 

no 

130 

80 

Threonine 

3.5 

125 

135 

80 

80 ; 

105 

120 

Leucine 

9,1 

135 

180 1 

130 

120 

240 

90 

Isoleucine 

3.3 

105 

135 

110 

100 

115 

125 

Valine 

3,8 

00 

145 


80 

120 

115 


Enriched bread contained 6 per cent mi 11c solids and high vitamin yeaat. 
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A 

Abspaltbarem Schwcfel, 146 
Acetaldehyde, 231 ' 

calculation of alanine from, 264 
oxidation of alanine to, with ninhy- 
drin, 267 

to acetaldehyde with specific oxi- 
dants, 201 
Acetone, 226 

determination, 223, 226, 227 
mercury sulfate, 226 ^ 

Acetyl acetone, 298 
Acetylation, 221 
Acetylbenzoyl, 34 
Acids, amino. See Amino acids 
Activated carbon, separation of amino 
acids on, 292 
earths, 33 

titania, separation of amino acids on, 
292 

Adrenals, aromatic nmino acids in, 141 
sulfur and sulfur containing amino 
acids in, 198 

Adsorption, 41, 220, 221, 245, 252, 44GB 
chromatographic, 292 
selective, 32 

Adsuki bean, diamino acid in, 76 
Alanine, analytical values, 268 
carbon, 257 
empirical formula, 257 
estimation, 264 
from acetaldehyde, 264 

method of Kendall and Friede- 
mann, 264 

modification of Froraageot and 
Heitz and of Desnuelle, 265 
oxidation to acetaldehyde with 
ninhydrin, 267 

procedure of Block, Bolling and 
Webb, 266 
hydrogen, 257 
in, albuminoids, 268, 300 
animal proteins, 268, 269, 300 
auto tropic plants, 270 
biologically active, 270 
blood, 268, 300 
brain, 303 
corn, 270, 304 
edestin, 300, 305 
egg proteins, 268, 301 
elastin, 268, 300 
entire animal, 268 
enzymes, yellow, 304 


Alanine {continued) 
in {continued) 
feeds and foods, 301 
gelatin, 268, 295 
gliadin, 306 
gluten, 306 
gramicidin, 295 
hormones and enzymes, 302 
horn, 302 
keratins, 269, 302 
metallo proteins, 269 
milk, 269, 303 
miscellaneous, 270 
muscle, 269 
fish, 303 

plant proteins, 270, 304, 305, 306 
seed globulins and proteins, 305 
silk fibroin, 302 
tissue, 269, 303 
viruses, 304 
wheat, 270, 306 
wool, 295, 302 
zein, 304 
isolation, 264 
melting point, 257 
molecular weight, 257 
nitrogen, 257 
optical form, 257 
oxygen, 257 

separation of valine from, 217 
Albumin 

corn. See Corn 
egg. See Egg 

milk. See Lactalbumin; Milk 
Albuminoids, alanine and glycine in, 268 
amino acids in, percentage, 300 
aromatic amino acids in, 113, 113, 300 
diamino acids in, 55, 300 
glutamic and aspartic acids in, 254, 
300 

^-hydroxy amino acids in, 211, 300 
hydroxyproline and proline in, 279, 
300 

leucine, isoleucine and valine in, 235, 
300 

percentage of amino acids in, 300 
sulfur and sulfur containing amino 
acids in, 174, 300 

Alcoholism, brain proteins in, 62, 119 
Aldehydes, reaction of tryptophane 
with, 91, 94 

Alfalfa, aromatic amino acids in meal, 
135 
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Alfalfa (continued) 
diamino acids in, 75 
in meal, 65 

/3-hydroxy amino acids in, 213 
leucine, isoleucine and valine in, 237 
sulfur amino acids in, 194 
in leaf meal, 182 
Allergens, arginine in, 77 
aromatic amino acids in cottonseed, 
133 

diamino acids in, 77, 79, 304 
glutamic and aspartic acids in cotton- 
seed, 256 

Amino acids, analysis, control, 25 
preparation of sample, 282, 284 
apparatus for, 290 

aromatic. See Aromatic amino acids 
basic. See Arginine; Citrulline; Di- 
amino acids; Histidine; llydrox- 
ylysine; Lysine 
carbohydrate mixture, 25 
composition, 295 
diamino. See Diamino acids 
dicarboxylic. See Dicarboxylic amino 
acids 

essential requirements of man, 307 
estimation. See also under names of 
individual acids 
approximately^ 299 
methods for, in protein hydrolysates 
not ideal, 299 

hydrolysis and preparation of sample 
for analysis, 282. See also Hy- 
drolysis 

^-hydroxy. See B-Hydroxy) amino 
acids; Serine; Threonine 
in various substances. See Blood; 
Brain; Foods; Milk; Plant pro- 
teins; etc. 

hydrolytic losses, 23, 54 
percentage in, albuminoids, 300 
animal proteins, 300, 301, 302, 303 
blood, 300 
bread, 306 
Cere vim, 306 
corn, 304 

Cream of Wheat, 306 
egg, 301 

feeds and foods, 301 
grasses, leaves, 304 
hormones and enzymes, 302, 304 
keratins, 302 
milk, 302 

plant proteins, 304, 305, 306 
Puffed Sparkles, 306 
Ralston, 306 

seed globulins and proteins, 305 


Amino acids (continued) 
percentage in (continued) 
tissue proteins, 303 
viruses, 304 
wheat proteins, 306 
Wheatena, ^06 
yeasts, 304 

requirements of man, 307 
average annual per capita consump- 
tion in United States 1937- 
1941, 308 
daily, 308, 309 

percentage of optimal daily require- 
ment of each of essential am- 
ino acid, 309 

salts, determination of amino acids by 
solubility products of their salts, 
289 

sample, preparation, 282, 284 
separation, 286. See also Diamino 
acids; and under names of indi- 
vidual acids 

barium carbamate fractionation, 
289 

butyl alcohol ejftraction, 288 
carbamido acids, fractionation, 289 
carbohydrate reactions, 297 
chromatographic adsorption, 292 
copper salts, fractionation, 288 
dry fatty acids, 289 
exhaustive methyl ati on of amino 
acids, 287 
experimental, 3 

extraction of monoamino monocar- 
boxylic acids with butanol, 288 
Fischer ester method, 286 
fractional distillation of esters, 286 
historical, 3 
hydrolysis, 282 
isotope dilution method, 291 
microbiological determination, 295 
ninhydrin oxidation, 288 
nitrogen determination, 285 
of polyamino and polycarboxylic 
amino acids by ion exchange 
substances, 292 
on activated carbon, 292 
on activated titania, 292 
partition chromatography, 293 
precipitation as mercury carbam- 
ates, 287 

with mercuric acetate, 287 
preparation of sample, 284 
solubility products of salts, 289 
sulfur and sulfur containing. See Sul- 
fur and sulfur containing amino 
acids 
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Amino acid esters, 286 
Amino nitrogen; amino and total nitro- 
gen, 30 

carboxyl nitrogen, 48 
liberation from intact proteins, 50 c 
titration method of Pope and Stevens, 
284 

Amino acid phosphotungstates, effect 
of temperature on solubilities of,’ 
27 

Ammonia, 21, 26, 46 
reineckate, precipitation of proline 
and hydroxyproline with, 272 
removal, 18 
rhodanilate, 275 
Amyl alcohol, 29 
ether mixture, 13, 19 
Aneurysm, brain prot^'ns in, 62 
Aniline rhodanilate, 275 
Animal proteins, alanine and glycine in 
entire animal, 268 

amino acids in, percentage, 300, 301, 
302, 303 

aromatic amino acids in entire animal, 
113, 300, 304, 302 

diamino acids in entire animal, 56, 
300, 301, 302, 303 

dicarboxylic amino acids in, 254, 255, 

300, 301, 302 

glycine and alanine in, 268, 269, 300, 

301, 302, 303 

hormones and enzymes. See Enzymes; 
Hormones 

)3-hydroxy amino acids in, 211, 212, 
213, 300, 301, 302, 303 
isolcueine in, 235, 236, 237, 300, 301, 

302, 303 

leucine in, 235, 236, 237, 300, 301, 302, 
303 

muscle proteins. See Muscle 
proline and hydroxyproline in, 279 
280, 300, 301, 302, 303 
sulfur and sulfur containing amino 
acids in, 175, 300, 301, 302, 303 
in tissue proteins, 198 
valine in. 235, 236, 237, 300, 301, 302, 
303 

Apparatus for analysis of amino acid 
content of protein, 290 
Arachin, alanine and glycine in, 270 
amino acids in, 305 
arginine in, 38 

glutamic and aspartic acids in, 256 
hydroxyproline and proline in, 281 
leucine, isoleucine and valine in, 238 
sulfur and sulfur containing amino 
acids in, 195 


Arginase, 35, 36, 37 
Arginine, 3, 34. See also Diamino acids 
annual per capita consumption of es- 
sential amino acids in U. S. 1937- 
1941, 308 

in, beans and nuts, 308 
cereals, 308 
dairy products, 308 
eggs, 308 

meats and fish, 308 
copper nitrate, 7 
diflavianate, 39, 273 
direct determination, 34 
diacetyl reaction, 34 
Harden-Norris test, 34 
Lang’s modification, 34 
hydrolysis to ornithine and urea, 35 
Bonot and Cahn’s modification 
of Jansen’s method, 35 
Graff’s modification of Jansen- 
Bonot procedure, 35 
Hunter and Dauphin^e’s modifi- 
cation of Jansen method, 36 
Hunter and Pettigrew’s modifica- 
tion, 37 

Jansen’s procedure, 35 
a-naphthol-hypochlorite reaction, 
40 

Dubnoff’s mo,dification, 41 
Maepherson’s modification, 42 
Sakaguchi method, 40 
Weber's modification, 40 
oxidation to guanidine, 34 
precipitation with flavianic acid, 38 
ipethod of Kossel and Gross, 38 
Vickery’s modification of Kossel- 
Gross direct method, 39 
electrodialysis, 32 
estimation, 30 
flavianate, 9, 18, 38, 39. 40 
formula, 3 
hydrolysis, 35 
in, proteins, 38 
albuminoids, 55 
albumins, 301, 304 
allergens, 77 
animal, entire, 303 
muscle, 72 
proteins, 66, 303 
arachin, 38, 305 
autotropic organisms, 73, 78 
bladder, 80 

blood, 57, 58, 59, 60. 61, 300 
brain, 62, 63, 303 
human, from nonpsychotic and 
psychotic individuals, 62 
monkey brains, 62 
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Arginine (continued) 
in (continued) 
bread, 306 

casein, 38, 70, 71, 303 
castor bean, 76 
Cerevim, 306 
collagen, 55 
corn, 304 

(zea mays) kernel proteins other 
than zein, 74 

cottonseed globulins and meal, 76, 
305 

Cream of Wheat, 306 
crustacean proteins, 73 
dairy products, 308 
edestin, 38, 74, 305 
egg, 301 
albumins, 64 

other than crystalline albumins, 
64 

proteins, 64, 301 
eggshell, 67 
clastin, 55, 300 
enzymes, 66, 301 
yellow, 304 
eukeratins, 67. 
feathers, 302 
feeds and food, 65, 301 
fish, 303 

muscle protfcins, 72 
flaxseed, 305 
flour, 306 
foods, 65, 301 
gelatin, 38, 55, 300 
glands, mixed, 303 
gliadin, 75, 306 
glycinin, 305 
gluten, 304, 306 
gorgonia, 68 
grasses, 75, 304 
hair, 302 ’ 
heart, 80 
hordein, 76 
hormones, 66, 302 
horn, 302 
insulin, 302 
intestines, 80 
keratins, 67, 301 
kidney, 80 
lactalbumin, 71, 303 
leaf protein, 75, 304 
linseed, 305 
liver proteins, 69, 303 
lung, 80 

metalloproteins, 69 
milk proteins, 70, 71, 303 
miscellaneous plant proteins, 76 


Arginine (continued) 
in (continued) 
mold, 78 

muscle proteins, animal, 72 
fish, 72 

neurokeratins, 68 
osfts, 76 1 

ovaries, 80 
pancreas, 80 
peanut, 76 
pepsin, 302 

plant proteins, 74, 75, 76, 77, 78, 79, 
304, 305, 306 
protamines, 80 
Puffed Sparkles, 306 
Ralston, 306 
rice, 76, 305 
ricin, 76, 305 
salivary gland, 80 
salmin, 38 
silk fibroin, 68, 302 
skin, 68 

soybean, 16, 305 
testes, 80 
thymus, 80 , 

thyroglobulin, 302 
tissue and organ proteins, 80, 303 
viruses, 77, 304 
wheat, products, 306 
other than gliadin, 77 
proteins, 306 
Wheatena, 306 . 
wool, 302 
yeast, 78, 304 
zein, 78, 304 

isolation, 9, 12, 18. See also Arginine, 
separation and isolation 
losses in presence of carbohydrate, 23, 
25 

molecular weight, 3 
nitrate, 5 
optical form, 3 
percentage composition, 3 
precipitation of histidine and, Kossel, 
4, 8, 12, 22 

Vickery and Leavenworth’s 1928 
modification of Kossel’s meth- 
od, 8 

separation and isolation, 5, 9, 17, 33 
according to Vickery and Leaven- 
worth's modification of Kossel, 
9 

Block’s microadaptation of Kossel 
procedure, 13 

Calvery's small scale adaptation of 
Kossel method, 12 
electrolytically, 32 
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Arginine (continued) 
separation and isolation (continued) 
of histidine and, 9, 33 
Turba’s method, 33 
Vickery and Leavenworth’s mod- ^ 
ification of Kosscl, 9 
'Of lysine and, 33 ^ * 

Turba’s method, 33 
solubility, 30 

Arginine, diflavianate, 39, 273 
flavianate, 9, 18, 38, 39, 40 
monoflavianate, precipitation, 39 
silver solubility, Gulewitsch’a cor- 
rection, 21 

Aromatic amino acids, 81. See also Di- 
iodotyrosine; Phenylalanine; Thy- 
roxine; Tryptophane; Tyrosine 
carbon, 81 

empirical formula, 81 
hydrogen, 81 
hydrolysis, 81 
in, proteins, 112 
adrenals, 141 

albuminoids, 112, 113, 300 
animal proteins, 113 
entire, 113, 303 
hormones and enzymes, 124 
muscle proteins, 131, 132, 303 
arachin, 305 

autotropic organisms (algae, fern, 
etc.), 133, 139 

beef tissue and organ proteins, mis- 
cellaneous. 141 

biologically active substances, 133 
bladder, 141 

blood, 114, 115, 116, 117, 118, 300 
brain proteins, animal^ 120, 303 
human, 119, 120, 121 
casein from cow’s milk, 128, 129, 
130 

other than from cow’s milk, 129 
corn, 304 

(zea mays) kernel proteins other 
than zein, 134 
cottonseed, globulin, 305 
meal, 305 

crustacean proteins, 132 
edestin, 134, 140, 305 
egg, albumin, crystalline, 121 
casings, gorgonia, silk fibroin, 126 
proteins, 121, 301 
other than albumin, 122 
elastin, 300 

collagens, and related proteins, 
113 

enzymes, 302, 304 
eukeratins, 125 


Aromatic amino acids (continued) 
in (continued) 
feathers, 302 
feeds and foods, 123, 301 
fish muscle proteins, 132, 303 
flour (wheat), 306 
gelatin, 112, 300 
glands, mixed, 303 
gliadin, 135, 306 
gluten, 304, 306 
glycinin, 305 

grass proteins, 135, 140, 304 
hair, 302 
heart, 141 

hormones, and enzymes, 302 
and non-mctallic-enzymcs, 124 
horn, 302 
insulin, 302 
intestines, 141 
keratins, 125, 302 
kidney, 141 

lactalbumins (whey proteins), 129 
leaf proteins, 135, 140, 304 
linseed meal, 305 
liver proteins, 127, 303 
lung, 141 

metalloproteins other than liemo- 
globiii, 127 
milk proteins, 303 
other than cdsein and lactalbu- 
min, 130 

casein from cow’s milk, 128, 129, 
130 

muscle proteins, 131 

oat^and rice proteins, 136, 305 

ovaries, 141 

pancreas, 141 

peanut flour, 305 

pelican excrescence, 126 

pepsin, 302 

plant proteins, 133, 139 
miscellaneous, 136 
plexaurella, 126 
ricin, 305 

salivary gland, 141 
seed globulins, 305 
proteins, 140 
silk fibroin, 302 
skin and neurokeratins, 126 
snake skin, 126 
soybean meal, 305 
spleen, 141 
spongin, 126 
stomach, 141 
testes, 141 
thymus, 141 
thyroglobulin, 302 
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Aromatic amino acids {continued) 
in (continued) 
tissue proteins, 141, 303 
turtle-scutes, 126 
viruses, 137, 140, 304 
whale baleen, 126 
wheat proteins, 306 
other than gliadin, 137, 140 
wool, 302 
yeast, 140, 304 
and mold proteins, 138 
zein, 138, 140, 304 
iodine, 81 
melting point, 81 
molecular weight, 81 
nitrogen, 81 
optical form, 81 
oxygen, 81 

requirements of man, 308, 309 
annual per capita consumption, in 
U. 8., 308 

beans and nuts, 308 
cereals, 308 
dairy products, 308 
eggs, 308 

meats and fish, 308 
daily essential requirements, 308 
enriched bread, 308 
meat, 308 
milk, 308 
white flour, 308 

daily requirement, percentage sup- 
plied by 100 gm. of protein 
from, corn, 309 
enriched bread, 309 
meat, 309 * 

milk, 309 
soybeans, 309 
white flour, 309 

Arteriosclerosis, brain, proteins in, 62, 
119 

Aspartic acid, 6, 234, 239, 251, 258, 267 
See also Dicarboxylic amino acids 
analytical results, 254 
carbon, 239 
empirical formula, 239 
estimation, by oxidation and bromina- 
tion, 251 

conversion of, to fumaric acid, 252 
miscellaneous suggestions, 253 
hydrogen, 239 
hydrolysis, 239 
in, albuminoids, 300 
animal proteins, 300 
blood, ^0 
corn, 304 
egg, 301 


Aspartic acid (continued) 
in (continued) 

grasses, leaves, viruses, yeasts, 304 
keratins, 302 
milk, 303 

plant proteins, 304, 305, 306 
seed globulirjB, 305 
tissue proteins, 303 
tyrocidine, 295 
wheat proteins, 306 
isolation, 240 

ester distillation, 240 
precipitation of calcium aspartate 
and calcium glutamate by 
aqueous alcohol, 240 
Foreman’s modification of Ritt- 
hausen procedure, 241 
Jones and Moeller’s modifica- 
tion df Ritthausen-Foreman 
method, 242 
melting point, 239 
molecular weight, 239 
nitrogen, 239 
optical form, 239 
oxygen, 239 ,, 

Autotropic plants and organisms, al- 
anine and glycine in, 270 
arginine in, 73, 78 
aromatic animo acids in, 133, 139 
glutamic and aspartic acids, in, 256 
histidine in, 73, 78 
lysine, in, 73, 78 

proline and hydroxyproline in, 281 
sulfur amino acids in, 192, 197 

B 

Baker’s yeast. See Yeast 
Barium carbamates, precipitation of 
amino acids as, 289 
phosphotungstate, 10 
Barley-hordein, aromatic amino acids 
in, 136 

Base exchange resins, 33 
Basic amino acid. See Arginine; Diam- 
ino acids; Histidine; Lysine 
Beans, average annual per capita con- 
sumption, 308 

Beef, alanine and glycine in, 269 
aromatic amino acids in, miscellane- 
ous tissue and organ proteins, 
141 

in muscle, 131 

basic amino acids in muscle, 72 
diamino acids in brain proteins, 63 
/i-hydroxy in brain, 211 
sulfur amino acids in, 190 
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Beet tops, aromatic amino acids in 136 
diamino acids in, 75 
sulfur amino acids in, 194 
Bence-Jones proteins, See Blood 
Benzoic acid, oxidation of phenylal- 
anine to, 106 

Betaine, isolation of proline as, 274 
Bills, aromatic amino acids in bills 
(enUj black goose, iguana), 125 
sulfur amino acids in, 185 
Biologically active substances, alanine 
and glycine in, 270 
aromatic amino acids in, 133, 139 
diamino acids in, 77 
glutamic and aspartic acids in, 256 
/3-hydroxy amino acids in, 213 
proline and hydroxyproline in, 279, 
281 

sulfur and sulfur containing amino 
acids in, 192, 197 

Bladder, aromatic amino acids in, 141 
basic amino acids in, 80 
/3-hydroxyl amino acids in muscle, 212 
sulfur and sulfur containing amino 
acids in, 198 
Bleaching earths, 33 
Blood, alanine and glycine in, 268 
amino acids in, 300 
in, Bence-Jones proteins, 61, 118, 
178, 236, 254, 268, 279, 300 
blood meal, 65 
cells, 61, 118, 300 
fibrin, 57, 61, 114, 118, 175, 211, 
236, 254, 265, 268, 300 
globins, 58, 61, 115, 118, 176, 179, 
211, 236, 279 

hemoglobins, 57, 61, 114, 118, 
176, 179, 211, 236, 254, 268, 
279, 300 
plasma, 60 

serum, 60, 117, 211, 236, 300 
albumins, 58, 61, 115, 118, 177, 
179 

globulins, 59, 61, 116, 117, 118, 
177, 179, 254, 279 
proteins, 59, 61, 117, 118, 178, 
179, 236, 300 

stroma, 61, 62, 118, 178, 179 
urine proteins, 60, 117, 178 
arginine in, 60 

aromatic amino acids in, 114, 115, 116, 
117, 118, 300 

in human pathological serum and 
urine proteins, 117 
in pathological conditions, 118 
diamino acids in, 57, 58, 59, 60, 6 1 , 300 
in blood meal, 65 


Blood (continued) 
di amino acids in (continued) 
in dog serum and plasma, 60 
in human pathological serum, 60 
in serum proteins, other than hu- 
man and dog, 60 

dicarboxylio amino acids in seroglob- 
ulia, 254, 300 

glutamic and aspartic acids in, 254, 
300 

histidine in, 60, 300 
i8-hydroxy amino acids in, 211 
hydroxyproline and proline in, 279, 
300 

isoleucine in, 236, 300 
leucine in, 236, 300 
lysine in, 57, 300 
percentage of amino acids in, 300 
sulfur and sulfur containing amino 
acids in, 175, 176, 177, 178, 179, 
300 

in urine proteins, 179 
valine in, 236, 300 
Brain, alanine and glycine in, 269 
amino acids in, 303 

aromatic amino acids in, 119, 120, 121 
in animal, 120 
in human, 119 
diamino acids in, 62, 63 
in human brains from nonpsychotio 
and psychotic individuals, 62 
in human, monkey, sheep, rat, beef, 
dog, guinea pig, and rabbit, 63 
in monkey brains, 62 
^-hydroxy amino acids in, 211 
leucine, isoleucine and valine in, 236 
sulfur amino acids in, 180 
Bran, aromatic amino acids in, 137 
in bran-yellow, 134 
diamino acids in, 74, 77 
jS-hydroxy amino acids in, 213 ' 
leucine, isoleucine and valine in, 237 
sulfur and sulfur containing amino 
acids in, 196 

Bread, amino acids in, percentage, 306 
arginine, 306 

aromatic amino acids in, 123 
cystine in, 306 
diamino acids in, 65, 306 
enriched, 307 

daily requirement, 308, 309 
histidine, 306 

0-hydroxy amino acids in, 213 
leucine, isoleucine and valine in, 237, 
306 

lysine in, 306 
methionine, 306 
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Bread (conlinued) 
phenylalanine, 306 

sulfur and sulfur containing amino 
acids in, 182 
threonine, 306 
tryptophane, 306 
tyrosine, 306 
valine in, 306 

Breakfast foods. See also Cereals 
leucine, isoleucine and valine in, 238 
Brewer’s yeast. See Yeast 
Bromination, 46 

and oxidation in estimation of aspar- 
tic acid, 251 
Bromine, 46 

reaction of histidine with, 45 
Brown spot test, Kossel’s, 8, 17 
Butanol extraction, 110 
extraction of monoamino monocarbox- 
ylic acids with, 288 

Butter-milk, aromatic amino acids in, 
123 

Butyl alcohol extraction of amino acids, 
288 

C 

Calcium aspartate and calcium gluta- 
mate precipitation by aqueous alco- 
hol, 240 

glutamate and calcium aspartate pre- 
cipitation by aqueous alcohol, 
240 

Carbamate method in Schryver’s isola- 
tion of hydroxylysine, 51 
Carbamates, 287, 289 
Carbamide acids, fractionation, in sep- 
aration of amino acids, 289 
Carbazole, Dische's carbazolc reaction, 
295 

Carhex E, 159 (see Carbon) 
Carbohydrates, losses of arginine in pres- 
ence of, 23 
mixture, 25 
reactions, 297 
Dische’s test, 297 
Gurin and Hood’s elaboration, 
297 

Pauly-Ludwig hexosamine reac- 
tion, 297 

Palmer, Smyth, and Meyer’s 
modification of method of 
Elson and Morgan, 298 
Carbon, 39, 153, 172, 207, 273, 275, 292 
activated, separation of amino acids 
on, 292 


Carcinoma, liver, glutamic and aspartic 
amino acids in, 255 

Casein, alanine and glycine in milk, 269 
amino acids in, percentage, 303 
aromatic amino acids in, 130, 303 
cow’s milk, 128, 129, 130 
in casein Other than from cow’s 
milk. 129 

basic amino acids in, 70, 71, 303 
in casein hydrolysates, 71 
glutamic and aspartic acids in, 255, 
303 

i9-hydroxy amino acids in, 212, 303 
hydroxyproline and proline in milk, 
280, 303 

leucine, isoleucine and valine in, 236, 
303 

sulfur amino acids in casein from cow’s 
milk, 187, 188, 303 

Castor bean, aromatic amino acids in 
castor-bean-ricin, 136 
diamino acids in, 76 
i9-hydroxy amino acids in castor-bean- 
ricin, 214 

Cereals, amino acids in percentages, 306 
Cerevim, 306 
Cream of Wheat, 306 
PuSed Sparkies, 306 
Ralston, 306 
Wheatena, 306 

aromatic amino acids in, 123, 124 
in rice, 136 

average annual per capita consump- 
tion, 308 

diamino acids in, 65 
;3-hydroxy amino acid in, 213 
Cerevim, 213 
Cream Farina, 213 
Puffed Wheat Sparkies, 213 
“Ralston,” 213 
rice, 214 
Wheatena, 213 

leucine, isoleucine and valine in break- 
fast foods, 238 

sulfur containing amino acids in, 182 
Cerebral hemorrhage, brain proteins in, 
62 

“Cerevim,” amino acids in, 306 
^-hydroxy amino acids in, 213 
Ceric sulfate, 266 
Charcoal, 259 

dccolorization of amino acids by, 35 
Chaudhuri’s method for preparing 
phthaldialdehyde, 261 
Chicken, alanine and glycine in, 268, 269 
aromatic amino acids in, 131 
in entire animal, 113 
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Chicken {continued) 
basic amino acids in, 72 
diamino acid in, 56 
glutamic and aspartic acids in, 255 
jS-hydroxy amino acids in muscle, 213 
hydroxyproline and proline in, ^.280 
sulfur and sulfur containing amino 
acids in, 190 
in chick-embryo, 175 
Chondrus, glutamic and aspartic amino 
acids in, 256 
sulfur amino acids, 192 
Chromate oxidation in estimating leu- 
cine and valine, 222 
Chromatographic adsorption in separa- 
tion of amino acids, 292 
method, liquid, in separation of leu- 
cines, 219, 220 

partition in separation of amino acids, 
293 

Chromotropic acid, 209 
Chymotrypsi nogen, aromatic amino 
acids in, 124, 125 
diamino acids in, 66 
^-hydrogen amino acids in, 212 
sulfur and sulfur containing amino 
acids in, 183 
Citrate buffers, 48, 149 
CitruUiiie, 3, 53. See also Diamino acids 
determination, 53 
Fearon’s diacetyl method, 53 
Gornall and Hunter’s modifica- 
tion, 53 

electrolytic separation, 31 
formula, 3 
molecular weight, 3 
optical form, 3 
percentage composition, 3 
Clam, diamino acids in, 73 
Clover, aromatic amino acids in, 135 
diamino adds in, 75 
sulfur amino acids in, 194 
Coagulation, 125, 140, 285 
Cocksfoot. Sec Grass proteins 
Coconut globulin, glutamic and aspartic 
amino acids in, 256 
|3-hydroxy amino acids in, 214 
hydroxyproline and proline in, 281 
leucine, isoleucine and valine in, 238 
Cod. See Fish 

Collagen, alanine and glycine in, 268 
aromatic amino acids in, 113 
basic amino acids in, 55 
glutamic and aspartic acids in, 254 
/3-hydroxy amino acids in, 211 
hydroxyproline and proline in, 279 
leucine, isoleucine and valine in, 235 


Colloidal S, 165 

Colorimetric estimation of, glycine, 260 
of, methionine and hemocystine, 172 
proline, 278 

proline and hydroxyproline, 276 
tryptophane, 95 

Conalbumin, amino acids in, 64, 122, 181 
Conarachin, sulfur and sulfur containing 
amino acids in, 195 
Copper, aspartate, isolation, 241, 243 
purification, 244 

salts, fractionation of, in separation of 
amino acids, 288 

in separating leucine from isoleu- 
cine and valine, 218 
liberation of cystine from, 158 
Corn. See also Gluten; Glutelin; Glu- 
tenin; Zein 

alanine and glycine in, 270 
amino acids in, percentage, 304 
in whole corn, 304 
aromatic amino acids in, 304 
albumins-yellow, 134 
corn products (except zein), 139 
germ-white, 134 
whole corn-white, 134 
whole corn-yellow, 134 
(zea mays) kernel proteins other 
than zein, 134 
daily requirement, 309 
diamino acids in, 75, 79, 304 
albumins, 74 
bran, 74 
germ, 74 
glutCiin, 74 
gluten, 65, 74 
zein residue, 74 

(zea mays) kernel proteins other 
than zein, 74 

glutamic and aspartic acids in, 256, 
304 

d-hydroxy amino acids in, 213, 304 
hydroxyproline and proline in, 281, 
304 

leucine, isoleucine and valine in, 237, 
304 

sulfur containing amino acids in al- 
bumins, 192, 304 
in proteins, 198 
other than zein, 192, 195 
Coronary occlusion, brain proteins in, 62 
Cottonseed, alanine and glycine in globu- 
lin and meal, 270 
amino acids in, percentage, 305 
in globulin, 305 
in meal, 305 
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Cottonseed {continued) 
aromatic amino acids in globulin and 
meal, 136 

diamino acids in, 76, 305 
in globulin, 79 

glutamic and aspartic acids in globulin, 
256, 305 

^-hydroxy amino acids in globulin, 
214, 305 
in meal, 214 

hydroxyproline and proline in globu- 
lin, 281, 305 

leucine, isoleucine and valine in, 237, 
305, 

in flour, 238 

sulfur containing amino acids in, 195, 
305 

in cottonseed allergen, 192 
in meal, 182 

Cream Farina, (S-hydroxy amino acids 
in, 213 

Cream of Wheat, amino acids in, 306 
j3-hydroxy amino acids in, 213, 306 

Crustacea, alanine and glycine in scal- 
lop, 269 

aromatic amino acids in proteins, 132 
in muscle proteins, 132 
basic amino acids in, 73 
diamino acids va oyster, 73 
in scallop, 73 
in shrimp, 73 

glutamic and aspartic acids in scallop, 
255 

icucinc, isoleucine and valine in scal- 
lop, 237 > 

sulfur amino acids in muscle proteins, 
191 

Crystallization, separation of amino 
acids by, 216 

Cucurbit seed, diamino acids in, 76 

Cuprous chloride, 157 
mercaptide, precipitation of cysteine 
as, 159 

oxide, 158, 160, 245 

Cyanopropionie acid extraction, 248 
hydrolysis, 248 

Cysteine, 142, 156. See also Sulfur con- 
taining amino acids 
cuprous mercaptide, precipitation of, 
160 

determination, 145. See also Cysteine 
determination 

condensation with dimethyl-p-phcn- 
ylenediamine, 161 
Toyoda's adaptation of Fleming 
reaction, 162 

Vassels’ use of Fleming reaction, 
162 


Cysteine (continued) 

estimation, by reducing action on 
sulfur, 165 

methods of Guthrie and Aller- 
ton, 165 

- in absence of extraneous reducers, 
150 ^ 

in presence of extraneous re- 
ducers, 150 

gasometric estimation, 163 
iodoacetate reaction, 165 
iodosobenzoic acid method, 166 
miscellaneous methods, 165 
nitroprusside reaction, 164 
Krishnaswamy’s modification of 
Morner test, 164 

Shinohara and Kilpatrick’s use, 
164* 

precipitation as copper mercaptide, 
157 

as cuprous mercaptide, 159 
Graff’s micro modification of 
Hopkins-Vickery proce- 
dure, 161 

procedure? of Vickery and 
White, 160 

reduction of phosphotungstic acid, 
146 

empirical formula, 142 
hydrolysis, 142 
molecular weight, 142 
Cystine, 6, 11, 142, 145. See also Sulfur 
containing amino acids 
carbon, 142 

determination, 145. See also Cysteine, 
determination 

direct oxidation to sulfate, 166 
from labile sulfur in proteins 
(Schulz), 145 

Clarke’s modification, 145 
gasometric estimation, 163 
iodine titration, 153 
Lavine’s modification of Morner- 
Okuda reaction, 155 
Morner-Okuda method according 
to Virtue and Lewis, 154 
Okuda’s use of Morner reaction, 
153 

polarographic, 163 

use of Brdicka’s method by 
Stern, Beach, and Macy, 163 
reduction of phosphotungstic acid, 
146 

Block and Bolling’s use ofWin- 
terstein-Folin reaction, 152 
Folin and Looney method, 147 
Folin and Marenzi’s cystine 
method, 148 
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Cystine (continued) 
determination (continued) 
reduction (continued) 

Lugg’s adaptation of Folin meth- 
od to acid solutions, 149 
Shinohara^s modi^cation Win- 
terstein-Folin reaction, 151 
Tompsetts’ modification of Folin 
method, 149 

Winterstein-Folin reaction ac- 
cording to Mirsky and An- 
son, 151 

Sullivan’s reaction, 155 
original method, 155 
Rossouw and Wilken-Jorden’s 
use of, 157 

Sullivan and Hess 1937 modifica- 
tion, 158 

1942 Sullivan-Hess-Howard pro- 
cedure, 159 
empirical formula, 142 
estimation, 30 

in absence of extraneous reducers, 
150 

in presence of ektraneous reducers, 
150 

hydrogen, 142 
hydrolysis, 142 
hydrolyzing agents, 144 
in, albuminoids, 300 
animal proteins, 300 
blood, 300 
bread, 306 
Cerevim, 306 
corn, 304 

Cream of Wheat, 306 
egg, 301 

feeds and foods, 301 
grasses, leaves, viruses, yeasts, 304 
hormones and enzymes, 302 
keratins, 302 
milk, 303 

plant proteins, 192, 193, 194, 195, 
196, 197, 304, 305, 306 
Puffed Sparkies, 306 
Ralston, 306 

seed globulins and proteins, 305 
tissue proteins, 303 
wheat proteins, 306 
Wheatena, 306 

liberation from copper salt, 158 

melting point, 142 

molecular weight, 142 

nitrogen, 142 

optical form, 142 

oxygen, 142 

sulfur, 142 


Cytochrome C, aromatic acids in, 127 
diamino acids in, 69 
glutamic and aspartic acids in, 256 
sulfur amino acids in, 187 

D 

Dairy products, average annual per cap- 
ita consumption, 308 
Demethyl ation, 167 
Denig^s reagent, 14, 17, 89 
Diabetes, brain proteins in, 62, 119 
Diacetyl reaction, 34, 53 
Diamino acids, 3, 54. See also Arginine; 
Citrulline; Histidine; Hydroxyly- 
sine; Lysine 
in, adsuki bean, 76 
albuminoids, 55, 300 
alfalfa, 65 

allergens, 77, 79, 304 
animal proteins, 56, 300 
entire, 56, 303 
muscle proteins, 72, 303 
arachin, 305 
autotropic organisms, 73 
blood proteins, 57, 58, 59, 60, 61, 
300 

blood meal, 65 
dog serum and plasma, 60 
human, monkey, sheep, rat, beef, 
dog, guinea pig, and rabbit 
brains, 63 

human pathological serum and 
urine proteins, 60 
proteins other than human and 
dog, 60 

brain proteins, 62, 63, 303 
sheep, rat, and beef brain pro- 
teins, 63 
bread, 306 
Cerevim, 306 
collagens, 55 
corn, 304 

(zea mays) kernel proteins other 
than zein, 74 
cottonseed meal, 305 
Cream of Wheat, 306 
crustacean proteins, 73 
cucurbit, 76 
edestin, 74, 305 
egg proteins, 64, 65, 301 
casings, 68 
elastin, 55, 300 
enzymes, 66, 302 
yellow, 304 
eukeratins, 67 
feathers, ^2 
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Diamino acids (continued) 
in (conlinued) 

feeds and foods, 65, SOI 
fish muscle proteins, 72, 30 
flax seed, 305 
gelatin, 55, 300 
glands (mixed), 303 
gliadin, 75, 306 
gluten, 304, 306 
glycinin, 305 
gorgonia, 68 
grasses, 75, 304 
hair, 302 
hordein, 76 
hormones, 66, 302 
horn, 302 
insulin, 302 
keratins, 67, 68, 302 
lactalbumin, 71, 303 
/?-lactoglobulin, milk, and casein 
hydrolysates, 71, 303 
leaf proteins, 75, 304 
linseed meal, 65, 305 
liver proteins, 69, 303 
lupine meal, 65 
metalloproteins, 69 
milk proteins, 70, 7lt 303 
muscle proteins, 72 
neurokeratins? 68 
oat and rice proteins, 76, 305 
pea, 76 

peanut flour, 305 
pepsin, 302 

plant proteins, 73, 74, 75, 76, 77, 
78, 79, 304, 305, 306 * 
plexaurclla, 68 
pressor hormones, 66 
Puffed Sparkles, 306 
Ralston, 306 
rice, 305" 
ricin, 305 

silk fibroin, 68, 302 
skin, 68 
soybeans, 305 
sponge, 68 
stick water, 65 
tankage, 65 
thyroglobulin, 302 
tissue proteins, SO, 303 
urine proteins, 60 
viruses, 77, 304 
wheat proteins, 306 
other than gliadin, 77 
Wheatena, 306 

yeast and mold proteins, 78, 304 
zein, 78, 304 


Diamino acids (continued) 
isolation and separation, 3 
group separation, 26 
electrolytic ally, 31 
phosphotungstic acid precipita- 
i tion, ^6, 28 
selective adsorption, 32 
Kossel method, 3 
Ayre’s modification, 21 
Block’s microadaptation, 13 
Calvery’s small scale adaptation, 
12 

Kossel and Kutscher procedure, 3 
Kossel and Patten's modification, 
6 

Kossel and Pringle modification, 

7 

Kossel aiM Staudt’s method, 7 
Mourot and Hoffer procedure, 23 
Osborne, Leavenworth and 
Brautlecht modification, 7 
Tristram’s modification, 22 
Turba’s method, 33 
Vickery and Block’s modifica- 
tion, 11 * 

Vickery and Leavenworth’s 1927 
modification, 8 

Vickery and Leavenworth’s 1928 
modification, 8 

Vickery and Leavenworth's 1929 
modification, 11 
“overall” losses, 24 
requirements of man, 308, 309 
average annual per capita con- 
sumption in U. S., 308 
in, beans and nuts, 308 
cereals, 308 
dairy products, 308 
eggs, 308 

meats and fish, 308 
daily essential requirement, 308 
in, enriched bread, 308 
meat, 308 
milk, 308 
white flour, 308 

daily requirement, percentage sup- 
plied by 100 gm. of protein 
from, corn, 309 
enriched bread, 309 
meat, 309 
milk, 309 
soybeans, 309 
white flour, 309 

separation, by electrodialysis, 31 
by selective adsorption, 32 
electrolytically, 31 
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Diamino acid phosphotungstates, solu- 
bility corrections, 27 
Diazo reaction, 7 
for histidine, 43 
for tyrosine, 87, 104 
p-Diazobenzene sulfoni^c acid, 44, 
Diazotized sulfanilic acid, 43, 44 
Dibromoxalacetic acid, 251 
Dicarboxylic amino acids, 239. See also 
Aspartic acid; Glutamic acid 
hydrolysis and removal, 231 
in, albuminoids, 254, 300 
animal proteins, 254, 255, 300, 301, 
302, 303 
arachin, 305 
blood, 254, 300 
casein, 303 
corn, 304 < 

cdestin, 305 
egg proteins, 254, 301 
enzymes, 254, 302 
fish muscle, 303 
gelatin, 300 
gliadin, 300 
gluten, 304, 300 
glycinin, 305 
hair, 302 

hormones, 254, 302 
horn, 302 
keratins, 255 
lactalbumin, 303 
d-Iactoglobulin, 303 
liver, 255, 303 
milk, 255, 303 
muscle, 255, 303 
plants, 256, 304, 305, 306 
ricin, 305 
seeds, 305 
tissue, 255, 303 
viruses, 304 
wheat, 306 
wool, 302 
zein, 304 

3.4- DichlorobenzenesuIfonic acid, 17 
Dihydroxynaphalene-3,5-disulfonicacLd, 

208 

Dihydroxy phenylalanine, 110 
Diiodotyrosine, 81, 124. See also Aro- 
matic amino acids 
estimation, chemical methods, 110 
Lugg's modification of Millon- 
Nasse reaction, 111 

p-Dimethylaminobenzaldehyde, 92, 93, 
94, 95, 276, 298 

5.5- Diraethyldihydrore8orcinol, 207, 208 
Dimethyl-p-phenylenediamine, 161, 162, 

165 


Dinitrophenylalanine, 107 
Dinitrophenylhydrazine, 251 
Distillation, fractional, of amino acid 
esters, 286 

separation of leucines by, 216 
Dixanthydrylurea, 35, 36 
“Dopa,” 110 

E 

Edestin, alanine and glycine in, 270 
amino acids in, percentage, 305 
arginine in, 38, 74 

aromatic amino acids in, 134, 140, 305 
diaraino acids in, 74, 79, 305 
glutamic and aspartic acids in, 256, 
305 

hydroxy proline and proline in, 281, 
305 

leucine, isoleucinc and valine in, 238, 
305 

sulfur amino acids in, 193, 305 
Egg, alanine and glycine in livetin, 268, 
269 

in vitellin, 268 
in whole egg, 269 

albumin, amino acids, 121, 122, 180, 
211, 236, 254, 301 
amino acids in livetin, 64, 301 
in vitellin, 301 v 
in white, 301 
in whole, 301 
in yolk, 301 
percentage, 301 

annual per capita consumption, 
3h8 

aromatic amino acid in conalbumin, 
122, 301 

in, crystalline albumin, 121 
egg casings, 126 
livetin, 122 
proteins, 121, 122 
proteins other than albumin, 122 
vitellin, 122 
white, 122 
whole egg, 122 
yolk, 122 

casings, amino acids in, 68 
conalbumin, amino acids in, 64, 122, 
181 

diamino acids in egg casings, 68 
in proteins, 64, 65, 301 
glutamic and aspartic acids in, albu- 
min, 254, 301 
livetin, 254 
membrane, 255 
proteins, 254, 255 
vitellin, 254 
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Egg {coniinuad) 

^-hydroxy amino acids in albumin, 
301 

proteins, 211 
vitellin, 211 

hydroxyproline and proUne in albu- 
min, 279, 301 
livetin, 279 
membrane, 280 
proteins, 279, 280 
vitellin, 279 

leucine, isoleucine and valine in al- 
bumin, 236, 301 
livetin, 236 
proteins, 236 
vitellin, 236 
whole egg, 236 

livetin, amino acids in, 64, 122, 181, 
236, 269, 279, 301 

membrane, amino acids in, 236, 255, 
269, 280 

ovomucoid, amino acids in, 122, 181 
proteins, amino acids in, 64, 121, 122, 
180, 181, 211, 236, 254, 264, 
279, 301 
percentage, 301 

sulfur amino acids in crystalline al- 
bumin, 180, 301 
proteins, 1^, 181 

other than albumin, 181 
vitellin, amino acids in, 122, 181, 211, 
236, 254, 268, 279, 301 
white, amino acids in, 64, 122, 181, 
301 

whole, amino acids in, 64, f22,T81, 
211, 269, 301 

yolk, amino acids in, 64, 122, 181, 301 
Eggshell, aromatic amino acids in egg- 
shell membrane, 125 
diamino acids in, 67 
leucine, isoleucine and valine in mem- 
brane, 236 

sulfur and sulfur containing amino 
acids in membrane, 185 
Elastin, alanine and glycine in, 268 
amino acids in, percentage, 300 
aromatic amino acids in, 113, 300 
basic amino acids in, 55, 300 
glutamic and aspartic acids in, 254, 
300 

/J-hydroxy amino acids in, 211, 300 
hydroxyproline and proline in, 279, 
300 

leucine, isoleucine and valine in, 235, 
300 

sulfur amino acids in, 174, 300 


Electrodialysis, separation of diamino 
acids by, 31, 32 

Enzyme, alanine and glycine in yellow 
enzymes, 270 

amino acids in, percentage, 302 
in yellow enzymes, 304 
aromatic amin?> acids in, 133, 302 
in animal enzymes, 124, 125 
in nonmetallic enzymes, 124 
diamino acids in, 66, 302 
in yellow enzymes, 66 
glutamic and aspartic acids in, 254, 
302 

in yellow enzymes, 256 
|3-hydroxy amino acids in, 212, 302 
hydroxyproline and proline in yellow 
enzymes, 281, 302 

sulfur containing amino acids in ani- 
mal enzymes, 183, 302 
in yellow enzymes, 192 

Ester, distillation in isolation of aspartit; 
and glutamic acids, 240 
in isolating proline and hydroxy- 
proUne, 271 

method of isolating glycine, 257 
hydrochloride method of estimating 
leucines, 216 

method (Fischer) of separating amino 
acids, 286 

Esterification of amino acids, method 
of, 286 

separation of leucines by, 216 

Ethylmethylketone, determination of, 
226, 228 

Eukeratins, aromatic amino acids in, 
125, 126 

diamino acids in, 67, 68 
/5-hydroxy amino acids in, 212 
sulfur amino acids in, 185 

F 

Fatty acids, fractionation with, in sep- 
arating amino acids, 289 

Feathers, alanine and glycine in, 269 
amino acids in, 302 
aromatic amino acids in, 125 
diamino acids in, 67 
glutamic and aspartic acids in, 255 
hydroxyproline and proline in, 280 
leucine, isoleucine and valine in goose 
feathers, 236 

sulfur and sulfur containing amino 
acids in, 185 

Feeds, amino acids in, percentage, 301 
aromatic amino acids in, 123, 301 
diamino acids in, 65, 301 
/5-hydroxy amino acids in, 212, 301 
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Feeds (contimied) 

leucine, isoleucine and valine in, 236, 
301 

sulfur and sulfur containing amino 
acids in, 182, 801 

Ferritin, alanine and glycine in, 269 
aromatic amino acid^ in, 127 
diamino acids in, 69 
sulfur amino acids in, 187 
Fibrin. See Blood 
Filtrol-neutrol, 33 

Fischer ester method of separating am- 
ino acids, 286 
Fish. See also Crustacea 
alanine and glycine in cod, 269 
in herring, 269 
amino acids in, 301 
in fish meal, 301 
in fish muscle, 303 

annual per capita consumption, 308 
arginine, histidine and lysine, in fish 
gelatin, 55 

aromatic amino acids in codliver meal, 
123 

in fish gelatin, ‘113, 123 
in fish meal, 123 
in fish muscle proteins, 132 
in fish residue, 124 

basic amino acids in fish muscle pro- 
teins, 72 

diamino acids in herring, 68 
salmon, 68 

glutamic and aspartic acids in, 255 
in cod, 255 
in halibut, 255 
in herring, 255 

jS-hydroxy amino acids in fish gelatin, 
211 

hydroxyproline and proline in muscle, 
280 

in cod, 280 
in herring, 280 

leucine, isoleucine and valine in, 237 
in cod, 237 
in fish gelatin, 235 

sulphur amino acids in fish gelatin, 174 
in fish muscle proteins, 191 
in haddock meal, 182 
Flavianic acid, 9 
precipitation of arginine with, 38 
Flaxseed meal, amino acids in, 305 
aromatic amino acids in, 136 
diamino acids in, 65 
i3-hydroxy amino acids in, 214 
leucine, isoleucine and valine in, 238 
sulfur and sulfur containing amino 
acids in, 182, 195 


Floridin, 33 

Flour, amino acids in, percentage, 306 
aromatic amino acids in, 123 
diamino acids in, 65 
enrichment, 307 
|3-hydroxy amino acids in, 213 
white, daily requirement, 308, 309 
Folin mercuric sulfate, 98 
tryptophane method, 100 
Foods. See also under names of specific 
foods, i.e., Bread; Egg; Milk; Soy- 
beans; etc. 

amino acids in, 301, 306 
aromatic amino acids in, 123 
diamino acids in, 65 
j3-hydroxy amino acids in, 213 
leucine, isoleucine and valine in, 236 
sulfur amino acids in, 182 
wheat, products, amino acids in, 306 
proteins, 306. See also Wheat 
Formaldehyde, 93 

oxidation to, by specific reagents, 207 
Fractionation, acetyl derivatives of leu- 
cine, isoleucine and valine, 220 
barium carbamate, in separation of 
amino acids, 289 
carbamido acids, 289 
copper salts, in separating amino 
acids, 288 

fractional distillation of amino acids, 
286 

with fatty acids in separating amino 
acids, 289 
Fuller's earth, 33 

Fumarios acid, conversion- of aspartic 
acid to, 252 

G 

Gasonjotric estimation of cystine and 
cysteine, 163 
Gelatin. See also Fish 
alanine in, 295 
alanine and glycine in, 268 
amino acids in, 295, 300 
arginine in, 38, 55, 300 
aromatic amino acids n, 112, 113,300 
basic amino acids in, 55, 300 
glutamic and aspartic acids in, 254, 
300 

histidine, 55, 300 

/3-hydroxy amino acids in, 211, 300 
hydroxyproline and proline in, 279, 
300 

isoleucine in, 295, 300 
leucine in, 295, 300 
isoleucine and valine in, 235; 300 
lysine in, 55, 300 
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Gelatin (continued) 
methionine in, 295, 300 
phenylalanine, 295, 300 
sulfur amino acids in, 174, 300 
Glands, leucine, isoleuoine and valine in, 
237 

mixed, amino acids in, 303 
Gliadin, alanine and glycine in, 270 
aromatic amino acids in, 135 
diamino acids in, 75, 79 
glutamic and aspartic acids in, 256 
^-hydroxy amino acids in, 214 
hydroxy proline and proline in, 281 
leucine, isoleucine and valine in, 238 
sulfur amino acids in, 193 
Globins. See Blood 

Glutamic acid, 239, 246. See also Di- 
carboxylic amino acids 
analytical results, 254 
carbon, 239 
empirical formula, 239 
estimation by conversion to pyrrol- 
idone Carboxylic acid, 246 
oxidation to succinic acid, 247 
Arhimo and Laine, method of, 
250 

micro-oxidation procedure of 
Cohen and Krebs, 247 
Opsahl anri Arnow’s method 
based on experiments of 
Pucher and of Wilson, 246 
Woodward, Reinhart and 

Dohan's modification of 

Cohen-Krebs method, 249 
hydrogen, 239 ^ 

hydrolysis, 239 
in, albuminoids, 300 
animal proteins, 300, 301, 302, 303 
autotropic plants, 256 
biologically active, 256 
blood, 300 

corn proteins, 256, 304 
egg, 301 
keratins, 302 
leaf protein.s, 256 
milk, 303 

miscellaneous proteins, 256 
plants, 304, 305, 306 
tis.sue proteins, 303 
tyrocidine, 295 
wheat proteins, 256, 306 
isolation, 240 

direct isolation, 240 
ester distillation, 240 
precipitation of calcium aspartate 
and calcium glutamate by 
aqueous alcohol, 240 


Glutamic acid (continued) 
isolation (continued) 
precipitation (continued) 

Chibnall’s modification of Ritt- 
hausen-Foreman method, 

» 243 . 

Foreman's modification of Ritt- 
hausen procedure, 241 
Jones and Moeller’s modification 
of Ritthausen-Foreman 
method, 242 
melting point, 239 
molecular weight, 239 
nitrogen, 239 
optical form, 239 
oxygen, 239 

Glutamic acid hydrochloride, 241, 242, 
244 

Glutelin, aromatic amino acids in, 134, 
137 

diamino acids in, 77 
sulfur and sulfur containing amino 
acids in, 192, 196 

Gluten, alanine and glycine in, 270 
amino acids in, percentage, 304, 306 
aromatic amino acids in, 134, 304 
diamino acids in, 77, 304 
glutamic and aspartic acids in, 256, 304 
j3-hydroxy amino acids in, 213, 214, 
304 

hydroxy proline and prolinc in, 251, 
304 

leucine, isoleucine and valine in, 237, 
238, 304 

in gluten meal, 237, 304 
sulfur containing amino acids in, 192, 
196, 304 

Glutenin, alanine in, 270 
aromatic amino acids, 137 
diamino acids in, 77 
glutamic and aspartic acids in, 256 
glycine in, 270 

hydroxyproline and proline in, 281 
leucine, isolcucine and valine in, 238 
sulfur and sulfur containing amino 
acids in, 196 

Glycine, analytical values, 268 
carbon, 257 
empirical formula, 257 
estimation, 257 
colorimetric, 260 

Klein and Liuser's modification 
of Zimmermann’s test, 261 
Patton’s adaptation of Zimmer- 
mann-Klein method, 262 
Zimmermann’s o-phthal dialde- 
hyde reaction, 260 
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Glycine, carbamate, isolation, 258 
trioxalatochrominate, 258 
Glycinin, alanine and glycine in, 270 
amino acids in, 305 

• glutamic and aspartic acids in, 256 
301, sulfur containing amino acids in, 195 
Glyoxylic acid method for determining 
tryptophane, Brice’s use, 90 
reaction, 89, 95 
reagent, 90, 91 

Gonadotropin, aromatic amino acids in, 
124 

diamino acids in, 66 
Gorgonia, aromatic amino acids in, 126 
diamino acids in, 68 
sulfur amino acids in, 186 
Gramicidin, alanine in, 295 
amino acids in, 295 
aromatic amino acids in, 133 
glycine in, 270, 295 
hydroxyproline and proline in, 281 
isoleucine in, 295 
leucine in, 295 
tryptophane in, 295 
valine in, 238 

Grasses, amino acids in, 304 
aromatic amino acids in, 135, 140, 304 
diamino acids in, 75, 79, 304 
in cocksfoot, 75 i 

glutamic and aspartic acids in cocks- 
foot, 256 

hydroxyproline and proline in, 281, 
304 

sulfur amino acids in, 194, 198, 304 
in clicks, foot, 194 

Gravimetric procedure for determina- 
tion of methionine and hemocystine, 
170 

Guanidine, oxidation to, 34 
Guinea pig, diamino acids4n, 55 
in brain, 63 

Gulewitsch, correction for solubility of 
arginine silver, 21 
factor, 8 


Glycine (continued) 
estimation (continued) 
miscellaneous methods, 263 
hydrogen, 257 
in, albuminoids, 268, 300 
animal proteins, 268, 269, 390, 

302, 303 

entire animal, 268, 303 
arachin, 305 
autotropic plants, 260 
biologically active plants, 270 
blood, 268, 300 
corn, 270, 304 
cottonseed meal, 305 
edestin, 305 
egg, 268, 301 
el as tin, 300 
gelatin, 300 ' 

gliadin, 270 
gluten, 304, 306 
gramicidin, 295 
grasses, leaves, viruses, yeasts, 304 
hair, 302 
horn, 302 
keratins, 269, 302 
liver, 303 

metallo proteins, 269 

milk, 269, 303 

miscellaneous, 270 

muscle, 269, 303 

peanut flour, 305 

plants, 270, 304, 305, 306 

seed globulins and proteins, 305 

silk fibroin, 269 

tissue proteins, 269, 303 

viruses, 304 

wheat proteins, 270, 306 
wool, 302 
zein, 304 
isolation, 257 

as trioxalatochromiatc, 258, 260 
by ester distillation method, 257 
of glycine carbamate, 258 
melting point, 257 
molecular weight, 257 
nitrogen, 257 
optical form, 257 
oxygen, 257 
precipitant for, 21 
requirements of man, 308, 309 
average annual per capita consump- 
tion in U. S-, 308 
in, beans and nuts, 308 
cereals, 308 
dairy products, 308 
eggs, 308 

meat and fish, 808 


II 

Haddock. See Fish 
Hair, alanine and glycine in, 269 
amino acids in, percentage, 302 
aromatic amino acids in, 125 
diamino acids in, 67 
glutamic and aspartic acids in, 255 
^-hydroxy amino acids in, 212 
hydroxyproline and proline in, 280 
leucine, isoleucine and valine in, 236 
sulfur containing amino acids in, 186 
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Hair (continued) 
sulfur (continued) 

in hair proteins other than human 
hair and wool, 185 
inhuman hair, 184 
Halibut. See Fish 

Heart, aromatic amino acids in, 141 
basic acids in, 80 

glutamic and aspartic amino acids in, 
255 

/3-hydroxyl amino acids in muscle, 212 
sulfur containing amino acids in, 198 
Heat coagulation, 125, 140, 285 
Hemerythrine, aromatic acids in, 127 
diamiiio acids in, 69 
sulfur amino acids in, 187 
Hemocyanin, alanine and glycine in, 269 
aromatic amino acids in, 127 
di amino acids in, 69 
leucine, isoleucine and valine in, 236 
sulfur amino acids in, 187 
Hemoglobins. See Blood 
Hemorrhage, brain proteins in, 119 
Herring. See Fish 
Hexosamine, 297 
Histidine, See also Diamino acids 
diflavianate, 8, 9 
dihydrochloride, 5, 7 
direct determinetion, 43 
diazo reaction, 43 

Jorpes’ modification of diazo test, 
44 

Koessler and Hanke’s adaptation 
of Pauly-Weiss test, 44 
Jiang’s modification df Pauly- 
Weiss method, 45 
Macpherson’s modification of 
Pauly reaction, 45 
Weiss and Ssobolew’s modifica- 
tkin of Pauly reaction, 1913, 
43 

reaction with bromine, Knoop’s 
test, 45 

Hunter's modification, 46 
Kapeller- Adler's adaptation, 46 
Plimmer and Phillips' modifica- 
tion, 47 
di sulfonate, 17 
electrodialysis, 32 
formula, 3 
fraction, 11 
hydrolysis, 46 
in, albuminoids, 55 
allergens, 77, 79 
animal proteins, 72, 300, 303 
muscle, 72 
arachin, 305 


Histidine (continued) 
in (continued) 

autotropic organisms, 78 
bladder, 80 
blood, 57, 58, 59, 300 
bjain, 62, 63, 303 
bread, 306 * 
casein, 70, 303 
castor bean, 76 
Cerevim, 306 
collagens, 55 
corn, 74, 79, 304 
cottonseed, 76, 79, 305 
Cream of Wheat, 306 
edestin, 74, 79, 305 
egg, 64, 301 
eggshell, 67 
elastin, 55, *300 
enzymes, 304 
feathers, 67, 302 
feeds and foods, 301 
fish muscle, 72, 303 
flaxseed meal, 305 
gelatin, 75, 300 
glands, mixed, *303 
gliadin, 75, 79, 305 
glutelin, 77 
gluten, 304, 306 
glutenin, 77 
glycinin, 305 
grasses, 75, 79, 304 
hair, 67, 302 
heart, 80 

hormones and enzymes, 302 
horn, 67, 302 
intestines, SO 
keratins, 302 
kidney, 80 
lactalbumin, 71, 303 
^{-lactoglobulins, 71, 303 
leaf proteins, 75, 79, 304 
linseed, 76, 305 
lipoproteins, 77 
liver, 303 
lung, 80 

milk, 70, 71, 303 
mold, 78 
muscle, 303 
nails, 67 
oats, 76, 79, 305 
ovaries, 80 
pancreas, 80 
peanut, 76, 305 
pepsin, 302 
plant, 304 
protamines, 80 
Puffed Sparkles, 306 
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Histidine (continued) 
in (continued) 
quills, 67 
Kalston, 306 
rice, 76, 79, 305 
ricin, 306 

salivary gland, 80 * 
seeds, 305 
silk fibroin, 302 
soybean, 79, 305 
testes, 80 
thymus, 80 
thyroglobulia, 302 
tissue proteins, 303 
viruses, 77, 79, 304 
wheat, 77, 79, 306 
Wheatena, 306 
wool, 67, 302 
yeast, 78, 79, 304 
zein, 78, 80, 304 

isolation, 4, 9, 16. See also Histidine, 
separation 

Blocks microadaptation of Kossel 
procedure, 13 

losses in presente of carbohydrate, 
23, 25 

Vickery and Leavenworth's modifi- 
cation of Kosscl's method, 9 
losses, 23, 25 
mercury, 9 
molecular weight, 3 
nitranilate, 16, 17 
optical form, 3 
percentage composition, 3 
precipitation, 8, 12, 15, 22 
of arginine and, Kossel, 4 
Vickery and Leavenworth's 1928 
modification of Kossel's 
method, 8 
purification, 46 

separation and isolation, 4, 12, 22 
Calvery’s small scale adaptation, 12 
electrolytically, 32 
from mono-amino acids, 33 
of arginine and, 9 
Turba's method, 33 
Vickery and Leavenworth's modi- 
fication of Kossel’s method, 8 
procedure of Mouret and Hoffer, 22 
silver precipitate, 5, 6 
solubility, 30 
phosphotungstate, 44 
Histidine, diflavianate, 8, 9 
dihydrochloride, 5, 7 
disulfonate, 17 
nitranilate, 16, 17 
phosphotungstate, 44 


Homocysteine, 168, 169 
thiolacetone, 169 
Homocystine, 167 

determination, Baernstein’s original 
I volatile iodide method, 167 

Hoof, jS-hydroxy amino acids in, 212 
leucine, isoleucine and valine in, 236 
Hopkins' reagent, 14, 89 
Hopkins-Cole reaction^ 6 
reagent, 89 

Hordein, alanine and glycine in, 270 
barley, aromatic amino acids in, 136 
diamino acids in, 76 
glutamic and aspartic acids in, 256 
hydroxyproline and proline in, 281 
leucine, isoleucine and valine in, 238 
sulfur containing amino acids in, 195 
Hormones, amino acids in, percentage, 
302 

aromatic amino acids in, 124, 302 
in animal hormones, and enzymes, 
124 

diamino acids in, 66, 302 
glutamic and aspartic acids in, 254, 302 
j3-hydroxy amino acids in, 212, 302 
sulfur amino acids in animal hormones 
183, 302 

Horn, alanine and glycine in, 269 
amino acids in, pertjentage, 302 
aromatic amino acids in, 125, 302 
diamino acids in, 67, 302 
glutamic and aspartic acids in, 255, 302 
|3-hydroxy amino acids in, 212, 302 
hydroxyproline and proline in, 280, 302 
leucin^ isoleucine and valine in, 236, 
302 

sulfur amino acids in, 185 
llumin N, 29 
removal, 4, 12 

Hydrogen peroxide, oxidation of hy- 
droxyproline. with, 277 
Hydrolysis, 4, 282 

amino nitrogen titration method of 
Pope and Stevens, 284 
and preparation of sample for analy- 
sis, 282 

arginine, 37, 42 
aromatic amino acids, 81 
completeness of, estimation of, 283 
cystine and cysteine, 160, 162, 166 
determination of nitrogen, 285 
^hydroxy amino acids, 199 
leucines, 215 

methionine and homocystine, 167 
methods for estimation of amino acids 
in protein hydrolysates not ideal, 

299 
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Hydrolysis (continued) 
sulfur containing amino acids, 142 
threonine, 202 

tyrosine and tryptophane, 97 
Hydrolytic losses, 23, 25 , 

B-IIydroxy amino acids, 199, 211. See 
also Serine; Threonine 
in, albuminoids, 211, 300 
animal proteins, 211, 212, 213, 300, 
301, 302, 303 
arachin, 305 

biologically active proteins, 213 

blood, 211, 300 

brain, 211, 303 

corn, 213, 304 

cottonseed, 305 

egg proteins, 211, 301 

elastin, 300 

enzymes, 302, 304 

feeds and food, 211, 213, 301 

fish muscle, 303 

flaxseed meal, 305 

gelatin, 300 

glands, mixed. 303 

gliadin, 306 

gluten, 304, 306 

grasses, 304 

hair, 302 

hormones, 2^1, 302 
horn, 302 
insulin, 302 
keratins, 302 
leaf proteins, 213, 304 
linseed meal, 305 
liver proteins, 212, 303 j 
milk proteins, 212, 303 
miscellaneous, 214 
muscle proteins, 212, 303 
oats, 305 
peanut dlour, 305 
pepsin, 302 

plant proteins, 213, 214, 304, 305, 
306 

I>scudokeratins, 212 
rice, 305 

seed proteins, 305 
silk fibroin, 302 
soybean, 305 
thyroglobulin, 302 
tissue proteins, 213, 303 
viruses, 304 

wheat proteins, 214, 306 
yeast, 304 
zein, 304 

B-Hydroxy glutamic acid, 239 
p-Hydroxydiphenyl, 206 

method of determining threonine, 206 


Ilydroxyglutaric acid, glutamic acid de- 
aminated to, 250 

Hydroxylysine, 351. See also Diamino 
acids 

determination, 51 
by periodate oxidation, 51 
Schryver’s* isolation by carbamate 
method, 51 
formula, 3 
molecular weight, 3 
optical form, 3 
percentage composition, 3 
separation electrolytically, 31 
llydroxyproline, analytical results, 279 
carbon, 271 
empirical formula, 271 
estimation, colorimetric, 276 
with isaiin, 276 
hydrogen, 271 
in, albuminoids, 279, 300 
animal proteins, 279, 280, 300, 301, 
302, 303 

autotropic organisms, 281 
biologically active substances, 279, 
281 

blood, 279, 300 
corn, 281, 304 
eggs, 279 
elastin, 300 
enzymes, yellow, 304 
gelatin, 300 
keratins, 280 
milk, 280, 303 
miscellaneous, 280, 281 
muscle, 280 

plant proteins, 281, 304, 305, 306 
ricin, 305 

seed globulins, 305 
wheat proteins, 281 
zein, 304 
isolation, 271 

colorimetric estimation, 276 
Dakin’s procedure according to 
Furth and Minnibeck, 272 
direct solvent extraction, 271 
Fischer ester distillation, 271 
oxidation with hydrogen peroxide, 
277 

precipitation with ammonium rei- 
neckate, 272 
melting point, 271 
molecular weight, 271 
nitrogen, 271 
optical form, 271 
oxygen, 271 
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I 

Idiocy, amaurotic, brain proteins in, 119 
Infection, brain proteins in, 119 
Insulin, amino acids in, percentage, 302 
aromatic amino acids in, 124, 125, 
302 , f 

diamino acids in, 66, 302 
. glutamic and aspartic acids in, 254, 
302 

hydrolysis, 143 

/3-hydroxy amino acids in, 212, 302 
sulfur containing amino acids in, 183, 
302 

Intestine, aromatic amino acids in, 141 
diamino acids in, 80 
^-hydroxyl amino acids in muscle, 
212 

sulfur containing arain6 acids in, 198 
Iodide, volatile, method of determining 
methyl groups, 167, 168, 169 
Iodine, 154, 172 

titration for estimating cystine, 144 
lodoacetate reaction, 165 
lodometric titration of methionine, 172 
o-Iodosobenzoate, IBS 
lodoso benzoic acid method of determi- 
nation of cysteine, 166 
Ion exchange substances, separation of 
polyamino and polycarboxylic am- 
ino acids by, 292 

Isatin in colorimetric estimation of hy- 
droxyproline, 276 
Tsobutylaldehydc, 232 
Isoelectric precipitation of tyrosine, 85 
Tsoleucine, 216 
carbon, 215 
empirical formula, 215 
estimation, 216, 217, See also Isoleu- 
cine, separation 

calculation from ethylmethylke- 
tone in absence of acetone, 228 
distillation, 216 
esterification, 216 

Fischer ester hydrochloride method, 
216 

fractionation of acetyl derivatives, 

220 

counter-current liquid-liquid sep- 
aration, 220 

liquid chromatographic method 
of Martin and Synge, 220 
from ethylmethylketone in absence 
of acetone, 228 

microbiological determination, 232 
complete medium for Lactobacil- 
lus arabinosus, 232 


Isoleucine (continued) 
estimation (continued) • 

micro oxidation methods of Froma- 
geot and Block, 221 
• by differential oxidation, 224 
oxidation with ninhydrin, 230 
estimation of sum of, 231 
hydrogen, 215 
in, albuminoids, 235, 300 
animal proteins, 235, 236, 237, 300 
301, 302, 303 
blood, 236, 300 
brain, 236, 303 
bread, 306 
casein, 303 
Cerevim, 306 
corn, 237, 304 
cottonseed globulin, 305 
cottonseed meal, 305 
Cream of Wheat, 306 
egg, 236, 301 
elastin, 300 

feeds and food, 236, 301 
flaxseed meal, 305 
gelatin, 295, 300 
glands, mixed 303 
gluten, 304 
gramicidin, 295 
hair, 302 r 

horn. 302 
keratins, 236, 302 
lactalbumin, 303 • 

jS-lactoglobulin, 303 
leaf proteins, 237, 304 
linseeVl meal, 305 
liver, 303 

metalloproteins, 236 
milk, 237, 303 
miscellaneous, 237 
muscle proteins, 237, 303 
peanut proteins, 238 
plant proteins, 237, 238, 304, 305, 
306 

Puffed Sparkies, 306 
Ralston, 306 

seed proteins and globulins, 305 

soybean meal, 305 

tissue proteins, 237, 303 

tyrocidine, 295 

various proteins, 235 

wheat proteins, 238, 306 

Wheatena, 306 

wool, 295, 302 

yeast, 238, 304 

zein, 304 

melting point, 215 
molecular weight, 215 
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Isoleucine (continued) 
nitrogen, 215 
optical form, 215 
oxygen, 215 

requirements of man, 308, 309 
average annual consumption pm 
capita in U. S., 308 
in, beans and nuts, 308 
cereals, 308 
dairy products, 308 
eggs, 308 

meat and fish, 308 
daily essential requirements, 308 
in, enriched bread, 308 
meat, 308 
milk, 308 
white flour, 308 

daily requirements, percentage sup- 
plied by 100 gm. of protein 
from, coni, 309 
enriched bread, 309 
meat, 309 
milk, 309 
soybeans, 309 
white flour, 309 

separation, of leucine from isolcucine 
and valine by, copper salts, 218 
by naphthalene-ZJ-sulfoiiic acid, 219 
from valine^217 

Isotope dilution method for separation 
of amino acids, 291 

K 

Kafirin, leucine, isoleucine ar*l valine in, 
238 

Kaolin, 34 

Keratins, alanine and glycine in, 269 
amino acids in, percentage, 302 
aromatic lamino acids in, 125, 126, 302 
basic amino acids in, 67, 68, 302 
glutamic and aspartic acids in, 255, 
302 

hydroxyproline and proline in, 280, 
302 

leucine, isoleucine and valine in, 236, 
302 

prolinc and hydroxyproline in, 280, 
302 

sulfur containing amino acids in, 184, 
186, 302 

Kidney, aromatic amino acids in, 141 
diamino acids in, 80 
i3-hydroxy amino acids in, 213 
hydroxyproline and proline in, 280 
sulfur containing amino acids in, 198 
Knoop’s test, 45 


Kossel-Block procedure, correction for, 
24 

L 

Lactalbumin, alanine and glycine in, 269 
arSino acids In, 303 
aromatic amino acids in whey pro- 
teins, 129 

basic amino acids in, 71 
glutamic and aspartic amino acids in, 
255 

i3-hydroxy amino acids in, 212 
hydroxyproline and proline in, 280 
leucine, isoleucine and valine in, 237 
sulfur amino acids in, 189 
Lactic acid, 266 

Lactobacillus ^rabinosus, complete me- 
dium for, 232, 295, 296 
stock solutions, 234 
B'Lactoglobulin, amino acids in, 303 
basic amino acids in, 71 
glutamic and aspartic acids in, 255 
iS-hydroxy amino acids in, 212 
leucine, isoleucine and valine in, 237 
Lamb, aromatic amino acids in muscle, 
131 

basic amino acids in muscle, 72 
/i-hydroxy amino acids in muscle, 213 
sulfur amino acids in, 190 
Laminaria, glutamic and aspartic amino 
acids in, 256 

sulfur amino acids in, 192 
Lead tetraacetate, method of determi- 
nation of threonine, 201 
Leaves, amino acids in, percentage, 304 
aromatic amino acids in, 135, 304 
in runner-bean, 135 
diamino acids in, 75, 79, 304 
glutamic and aspartic acids in, 256, 
304 

^{-hydroxy amino acids in, 213, 304 
leucine, isoleucine and valine in, 237, 
304 

sulfur amino acids in, 194, 304 
Leguinelin, leucine, isoleucine and valine 
in, 238 

Lens, alanine and glycine in, 269 
aromatic amino acids in, 1 13 
glutamic and aspartic acids in, 255 
leucine, isoleucine and valine in, 237 
Leucine, 215. See also Isoleucine; Valine 
carbon, 215 
empirical formula, 215 
estimation, 216, 217 
distillation, 216 
esterification, 216 
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Leucine {continued) 
estimation {continued) 

Fischer ester hydrochloride method, 
216 

fractionation of acetyl derivatives, 
220 

counter-current liquid-liquid sep- 
aration, 220 

liquid chromatographic method of 
Martin and Synge, 220 
in absence of valine, 223 
in mixtures, 223 

microbiological determination, 232 
complete medium for Lactobacil- 
lus arabinosus, 232 
micro oxidation methods of Froma- 
geot and Block, 221 
differential chron^atc oxidation 
according to Fromageot, 
Heitz, and Mourgue, 222 
differential oxidation, 224 
oxidation with ninhydrin, 230 
determination in pure solutions, 
230 

estimation of sum of, 231 
hydrogen, 215 
in, albuminoids, 235, 300 
animal proteins, 235, 236, 237, 300, 
301, 302, 303 
(entire) 303 
blood, 236, 300 
brain, 236, 303 
bread, 306 
casein, 303 
Cere vim, 306 
corn proteins, 237, 304 
cottonseed globulin, 305 
meal, 305 

Cream of Wheat, 306 
edestin, 300, 305 
egg proteins, 236, 301 
feeds and food; 236, 301 
flaxseed meal, 305 
gelatin, 295, 300 
glands mixed, 303 
gluten, 304 
gramicidin, 295 
hair, 302 
horn, 302 
keratin, 236, 302 
lactalbumin, 303 
^-lactoglobiilin, 303 
leaf proteins, 237, 304 
linseed meal, 305 
liver, 303 

metallo proteins, 236 
milk proteins, 236, 303 
miscellaneous, 237 


Leucine {continued) 
in {continued) 

muscle proteins, 237, 303 
peanut, 238, 305 

plantproteins, 237, 238, 304, 305, 306 
Puffed Sparkles, 306 
Ralston, 306 
ricin, 305 
seed globulin, 305 
proteins, 305 
silk fibroin, 302 
soybean meal, 305 
tissue proteins, 237, 303 
tyrocidine, 295 
various proteins, 235 
wheat, 238, 306 
Wheatena, 306 
wool, 295, 302 
yeast, 238, 304 
zein, 304 

melting point, 215 
molecular we^ht, 215 
nitrogen, 215 
optical form, 215 
oxygen, 215 

requirements of man, 308, 309 
annual per capita consumption in 
TJ. S., 308 

in, beans and nu^s, 308 
cereals, 308 
dairy products, 308 
eggs, 308 

meat and fish, 308 
daily essential requirements, 308 
in, anriched bread, 308 
meat, 308 
milk, 308 
white flour, 308 

daily requirements, percentage sup- 
plied by 100 gm.«of protein 
from, corn, 309 
enriched bread, 309 
meat, 309 
mijk, 309 
soybeans, 309 
white flour, 309 

separation by, crystallization, 216 
by distillation, 216 
by esterification, 216 
from isoleucine and valine by cop- 
per salts, 218 

Brazier’s modification of Ehrlich 
copper salt method, 218 
by naphthalene-/3-8uIfonic acid, 
219 

direct precipitation by naphtha- 
lene- j3-euIfonic acid, 219 
from valine, 217 
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Leucosin, glutamic and aspartic acids in, 
256 

Linseed, amino acids in meal, 305 
aromatic amino acids in meal, 136 
diamino acids in, 65, 76 
/3-hydroxy amino acids in meal, 214 
leucine, isoleucine and valine in meal, 
238 

sulfur containing amino acids in meal, 
182, 195 

Lipoprotein, diamino acids in, 77 
liiver, alanine and glycine in, liver tis- 
sue, 269 

amino acids in, percentage, 303 
aromatic amino acids in, 127, 303 
diamino acids in, 69, 303 
glutamic and aspartic acids in, 255, 
303 

^-hydroxy amino acids in, 212, 303 
sulfur amino acids in, 187, 303 
Livetin, amino acids in, 64, 122, 181, 
236, 269, 279, 301. See also Egg 
Lloyd’s reagent, 33 

Lugg mercuric sulfate and chloride re- 
agents, 102 

Lung, aromatic amino acids in tissue, 
141 

diamino acids in^SO 
glutamic and aspartic acids in, 255 
(3-hydroxy amino acids in tissue, 213 
sulfur cont.aining amino acids in, 198 
Lupine, aromatic amino acids in meal, 
123, 136 

diamino acids in meal, 65 ► 

glutamic and aspartic acids in, 256 
hydroxyproline and proline in meal, 
281 

leucine, isoleucine and valine in meal, 
238 

Lysine, 3, 48. See also Diamino acids 
direct determination, 48 
liberation of free amino groups, 
(Van Slyke-Lieben), 49 
liberation of amino nitrogen from 
intact proteins, 50 
ninhydrin reaction; procedure of 
Van Slyke, Dillon, MacFadyen 
and Hamilton, 48 
Ruhemaiiu-Van Slyke, 48 
electro dialysis, 32 
formula, 3 
in, albuminoids, 55 
allergens, 77, 79 
animal proteins, 56, 303 
arachin, 305 

aiitotropic organisms, 73, 78 
bladder, 80 


Lysine (continued) 
in (continued) 

blood proteins, 300 
brain proteins, 63, 303 
from psychotic and non-psychotic 
, persojis, 62 

human, monkey, sheep, rat, beef, 
dog, guinea pig and rabbit, 
63 

monkey brains, 62 
castor bean, 76 
collagens, 55 
corn, 74, 79, 304 
cottonseed, 76, 79, 305 
edestin, 74, 79, 305 
egg, 64, 65, 301 
eggshell, 67 
elastin, 55, 300 
enzymes, 66, 302, 304 
eukeratins, 67, 68 
feathers, 67, 302 
feeds and foods, 65, 301 
fish, 301, 303 
gelatin, 55, 300 
glands, mixed, 303 
gliadin, 75, 79 
gluten, 304 
grasses, 75, 79, 304 
hair, 67, 302 
heart, 80 

hormones, 66, 302 
horn, 67, 302 
insulin, 302 
intestines 80 
keratins, 67, 68 
kidney, 80 
leaf, 75, 79, 304 
linseed, 76, 305 
liver, 69, 303 
lung, 80 

meat scraps, 301 
metalloproteins, 69 
milk. 70, 71, 303 
mold, 78 

muscle proteins, 72, 73, 303 

nails, 67 

oats, 76, 79, 305 

ovaries, SO 

pancreas, 80 

peanut, 76, 305 

pepsin, 302, 305 

plant proteins, 73, 74, 75, 76, 77, 78, 
79, 80 

protamines, 80 
quills, 67 
nee, 76, 79, 305 
ricin, 76, 305 
salivary gland, 80 



386 


AMINO ACID COMPOSITION 


Lysine {continued) 
in (continued) 
seed proteins, 305 
silk fibroin, 302 
skin and nuerokeratins, 68 
soybean, 79 
tankage, 301 
testes, 80 
thymus, 80 
thyroglobulin, 302 
tissue proteins, 80, 303 
viruses, 304 
wheat products, 306 
proteins, 306 
other than gliadin, 77, 79 
wool, 67, 302 
yeast, 78, 79, 304 
zein, 78, 80, 304 f 
isolation, 5, 9, 12 

Calvery small scale adaptation, 12 
losses in presence of carbohydrate, 
23, 25 

molecular weight, 3 
optical form, 3 
percentage composition, 3 
separation and isolation, Vickery and 
Leavenworth’s modification of 
Kossel’s method, 9 
electrolytically, 32 
from arginine, 33 
Turba’s method, 33 

Lysine, carbonate solution, 10 
nitranilate, isolation, 20 
phosphotungstatc decomposition, 19 
precipitation, 18 
solubility, 21, 24, 30 
picrate, 7, 10, 20 
isolation, 19 
sulfate solution, 19 

M 

Marine algae, hydroxyproline and pro- 
line in, 281 

Meat, amino acids in meat scraps, per- 
centage, 301 

annual per capita consumption, 308 
aromatic amino acids in meat meal, 
123 

in meat residue, 124 
in meat scraps, 123 
daily requirement, 308, 309 
diamino acids in meat scraps, 65 
^-hydroxy amino acids in meat scraps, 
212 

sulfur containing amino acids in 
scraps, 182 


Melanoidin, 100 

Menhaden meal, ^-hydroxy amino acids 
in, 212 

leucine, isoleucine and valine in, 236 
sulfur containing amino acids in, 182 
Mercuric acetate, precipitation with, in 
separation of amino acids, 287 
sulfate, 6, 93, 97, 98, 225 
Mercury carbamates, precipitation of 
amino acids as, 287 
chloride, 45 

salts and nitrous acid, reaction of ty- 
rosine with, 85 

Metalloproteins, alanine and glycine in, 
269 

aromatic amino acids in metallopro- 
teins other than hemoglobin, 127 
diamino acids in, 69 
leucine, isoleucinc and valine in, 236 
sulfur amino acids in metalloproteins 
other than hemoglobin, 187 
Methionine, 142, 167. See also Sulfur 
containing amino acids 
carbon, 142 

determination; Baernstein’s original 
volatile iodide method, 167 
direct colorimetric method, 172 
from homocysteine, 168 

Baernstein’s volatile iodide and 
horaocystine titration meth- 
od, 168 

Beach’s gravimetric procedure, 

170 

polarographic method of Stern 
G and Beach, 171 
iodomctric titration, 172 
Tutiya’s methyl sulfide procedure, 
173 

empirical form, 142 
hydrogen, 142 f 

hydrolysis, 144 
in, albuminoids, 300 
animal proteins, 300, 301, 302, 303 
blood, 300 
bread, 306 
Cerevim, 306 
corn, 304 

Cream of Wheat, 306 
egg, 301 

feeds and foods, 301 
gelatin, 295 

grasses, leaves, viruses, yeasts, 304 
keratins, 302 
milk, 303 

plant proteins, 304, 305, 306 
Puffed Sparkles, 306 
Ralston, 306 
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Methionine (continued) 
in (continued) 

seed globulins and proteins, 305 
tissue proteins, 303 
wheat, 306 
products, 306 
Wheatena, 306 
wool, 295 
melting point, 142 
nitrogen, 142 
optical form, 142 
oxygen, 142 
sulfur, 142 

Methyl groups in proteins, determina- 
tion of, 167 

iodide, determination, 167 
sulfide, procedure for determination of 
methionine, 173 

Methylation, exhaustive, in separating 
amino acids, 287 

Microadaptation of Shinn method, 205 
Microbiological determination, of amino 
acids, 295 

of leucine, isoleucine and valine, 
232 

method in analysis, 282 
Microdiffusion cups, 205 
Micro oxidation in separating leucines, 
221 * 

Milk proteins. See also Lactalbumin; B- 
Lactoglobulin 
alanine and glycine in, 269 
amino acids in, percentage, 303 
aromatic amino acids in casein from 
cow’s milk, 128 * 

in milk solids, 124 

in proteins other than casein and 
lactalbumin, 130 
basic amino acids in, 71, 303 
daily requirement, 308, 309 
diamino acids in, 70, 71, 303 
glutamic and aspartic acids in, 255, 
303 

/9-hydroxy amino acids in, 212, 303 
in human whole milk, 212 
hydroxyproline and proline, 280, 303 
leucine, isoleucine and valine in, 236, 
237, 303 

ill skim milk, 236 

sulfur containing amino acids in, 
187,188,189,303 
in Casein from cow’s milk, 187, 188 
in proteins other than casein and 
lactalbumin, 189 
Millon, 104 
reagent, 86 

Millon-Nasse reaction, 97 


Mold, aromatic amino acids in, 138 
in mold-aspergillus, 138 
diamino acids in, 78 
glutamic and aspartic acids in, 256 
hydroxyproline and proline in, 281 
leucjne, isoleucine and valine in, 238 
Monoalnino acid, separation of histidine 
from, 33 

Monocarboxylic acids, extraction with 
butanol, 288 

Muscle, alanine and glycine in globins, 
269 

in proteins, 269 

amino acids in animal muscle, per- 
centage, 303 

aromatic amino acids in animal mus- 
cle proteins, 131, 132 
in fish muscle proteins, 132 
in proteins, 131, 132, 303 
basic amino acids in animal proteins, 
72, 303 

glutamic and aspartic acids in, 255, 
303 

/3-hydroxy amino acids in, 212, 303 
hydroxyproline arfd proline in, 280 
leucine, isoleucine and valine in, 237 
in animal muscle, 237 
in globins, 236 

sulfur amino acids in animal proteins, 
190, 191 

in fish and crustacean proteins, 191 
Myeloma, arginine, histidine and lysine 
in, 60 

Myogen, aromatic amino acids in, 131 
0-hydroxy amino acids in, 213 
Myosin, alanine and glycine in, 269 
aromatic amino acids in rabbit, 131 
glutamic and aspartic acids in, 255 
0-hydroxy amino acids in, 213 
hydroxyproline and proline in, 280 

N 

Nails, diamino acids in, 67 
sulfur containing amino acids in, 185 
NaOCl reaction, 95 

Naphthalene-0-sulfonic acid in separat- 
ing leucine from valine and isoleu- 
eine, 219 
a-Naphthol, 41 
hypochlorite reaction, 40 
B-N aphthoquinone-sodium sulfonate, 
155 ■ 

1 ,2-Naphthoqulnonc-4-8odium sulfo- 

nate, 155 

Nephrosis, arginine, histidine and ly- 
sine in, 60 
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Neurogelatin, arginine, histidine and ly- 
sine in, 55 

aromatic amino acids in, 1 13 
sulfur containing amino acids in, 174 
Neurokeratins, aromatic amino acids in, , 
126 

diamino acids in, 68 *■ 

sulfur containing amino acids in, 186 
Neurospora, 282 
Ninhydrin, oxidation with, 230 
oxidation of alanine to acetaldehyde 
with, 267 

oxidation with, in separation of am- 
ino acids with, 288 

reaction in direct determination of ly- 
sine, 48 

N (1-naphthyl) ethylene diamine, 96 
Nitranilate, isolation off glycine as, 258, 
260 

Nitranilic acid, 13, 14, 21, 260 
Nitration, estimation of phenylalanine, 
107 

Nitric acid, 85 

reaction with nitrosonaphthol in, 88 
Nitrite-molybdate, '110 
Nitrogen, determination of, 285 
Nitroprusside ammonia test, 6, 11 
reaction, 164 

Nitrosonaphthol, reaction with, in nitric 
acid, 88 

Norite, decolorizing, 39 
Nuts, average annual per capita con- 
sumption, 308 

0 

Oats, amino acids in, percentage, 305 
aromatic amino acids in oat meal, 136 
in rice and oat porteins, 136, 140 
diamino acids in, 79, 305 
in proteins, 76 

jS-hydroxy amino acids in oat meal, 
214, 305 

sulfur containing amino acids in, 195, 
305 

Organ proteins and miscellaneous beef 
tissue, aromatic amino acids in, 141 
Ornithine, hydrolysis of arginine to or- 
nithine and urea, 35, 446B 
in tyrocidine, 295 
isolation from tyrocidine, 295 
Ovaries, aromatic amino acids in tissues, 
141 

basic amino acids in, 80 
^-hydroxy amino acids in, 213 
sulfur containing amino acids in, 198 
Ovomucoid, 122, 181 


Ox, glutamic and aspartic acids in mus- 
cle, 255 

hydroxyproline and proline in, 280 
leucine, isoleucine and valine in mus- 
cle, 237 

Oxalic acid, 283 

Oxidation, and bromination in estima- 
tion of aspartic acid, 251 
chromate, in estimating leucine and 
valine, 222, 227 

differential, in estimation of leucine, 
isoleucine, and valine, 224 
in estimation of leucine and valine 
by differential chromate oxida- 
tion according to Fromageot, 
Heitz and Mourgue, 222 
direct, of cysteine to sulfate, 166 
method of Arhimo and Laine, 250 
micro oxidation in separating leu- 
cines, 221 

ninhydrin in separating animo acids, 
288 

in determination of leucine, 230 
of glutamic acid to succinic acid, 247 
of hydroxyproline with hydrogen per- 
oxide, 277 

periodate, determination of hydroxy- 
lysine by, 51 
permanganate, 226, 227 
to formaldehyde by specific reagents, 
207 

to guanidine, 34 
Oyster. See Crustacea 

c P 

Pancreas, aromatic amino acids in, 141 
basic amino acids in, 80 
j9-hydroxy amino acid in, 213 
sulfur containing amino acids in, 198 
Pea, aromatic amino acids in, 136 
diamino acid in, 76 

Peanut, alanine and glycine in peanut 
meal, 270 

amino acids in peanut flour, 305 
aromatic amino acids in peanut- 
arachin, 136 
diamino acids in, 76 
|3-hydroxy amino acids in, 214 
in peanut meal, 182, 195 
leucine, isoleucine and valine in pro- 
teins, 238 

sulfur containing amino acids in, 198 
Pentabromacetone, separation of, 251 
Pepsin, amino acids in, 302 
aromatic amino acids in, 124, 125 
diamino acids in, 66 
glutamic and aspartic acids in, 254 
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Pepsin (continued) 

^-hydroxy amino acids in, 212 
preparation for analysis (coagulation), 
125 

sulfur containing amino acids in, 183 » 

Periodate oxidation, 51, 203 
procedure for determining serine, 207 
of determining threonine, 206 
Periodic acid, 203 
Permanganate oxidation, 226 
Permutit, 42 
Phenol reagent, 97 

Phenylalanine, 81, 106. See also Aro* 
matic amino acids 
estimation, 106 

by nitration and subsequent reduc- 
tion, 107 

according to Kapeller- Adler, 107 
Block and Bolling's adaptation of 
Kapeller-Adler-Kuhn meth- 
od, 109 

Kuhn and Desnuelle's modifica- 
tion of Kapellcr-Adler meth- 
od, 108 

oxidation to benzoic acid, (Schiilze- 
Kollmann), 106 
hydrolysis, 81, 83 
in, albuminoids, 300 
animal proteifis, 300 
blood, 300 
bread, 306 
Cerevim, 306 
Corn, 304 

Cream of Wheat, 306 
egg, 301 
enzymes, 302 
feeds and foods, 301 
gelatin, 295 
hormones, 302 
keratins,* 302 
milk, 303 

plant proteins, 304 
Puffed Sparkies, 306 
Ralston, 306 

seed globulins and proteins, 305 
tissue proteins, 303 
wheat products, 306 
Wheatena, 306 
wool, 295 
isolation, 106 
Phenyllactic acid, 109 
Phormidium, glutamic and aspartic 
acids in, 256 
sulfur amino acids in, 192 
Phospho-12-tungstic acid, 29 
Phospho-18-tungsticacid, 147, 148 
Phospho-24-tungstic acid, 4, 18, 217 


Phosphomolybdotungstic acid, 97, 100, 
151 

Phosphotungstates, amino acid, effect of 
temperature on solubilities of, 27 
Phosphotungstic acid, 100, 146 
decomposition, 29 

effect of temjierature on solubility, 27 
precipitation with, 21, 26, 28 
reduction, 146 
reprecipitation, 52 
Phosphotungstomolybdic acid, 126 
Photoelectric colorimeter, 153 
o-Phthaldialdehyde reaction, 260 
Picric acid, purified according to Bene- 
dict, 14 

Pig, diamino acids in brain, 63 
Piperazine-sodium nitroprusside reac- 
tion, 265 • 

Pituitary hormones, arginine, 66, 67 
aromatic amino acids in, 125 
histidine, 66, 67 
lysine, 66, 67 

lactogenic, aromatic amino acids in, 
124 

diamino acids in, 66 
sulfur containing amino acids in, 
183 

oxytocic, aromatic amino acids in, 124, 
125 

diamino acids in, 66 
sulfur containing amino acids in, 
183 

pressor, aromatic amino acids in, 124, 
125 

diamino acids, 66 

sulfur containing amino acids in, 
183 

Plant proteins, amino acids in percent- 
age, 304, 305, 306 

aromatic amino acids in, 133, 134, 135, 

. 136, 137, 138, 139, 304, 305, 306 
in miscellaneous plant proteins, 
136 

diamino acids in, 73, 74, 75, 76, 77, 78, 
79, 304, 305, 306 

in miscellaneous plant proteins, 76 
dicarboxylic amino acids in, 256, 304, 
305, 306 

glycine and alanine in, 270, 304, 305, 
306 

jS-hydroxy amino acids in, 213, 214, 
304, 305, 306 

isoleucine in, 237, 238, 304, 305, 306 
leucine in, 237, 238, 304, 305, 306 
proline and hydroxyproline in, 281, 
304, 305, 306 
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Plant proteins {continued) 
sulfur containing amino acids in, 192, 
193, 194, 195, 196, 197, 304, 305, 
306 

valine in, 237, 238, 304, 305, 306 
Plexaurella, aromatic amino acids i^, 126 
diamino acids in, 68 * 

Polarographic, determination of cystine, 
163 

method for determination of methio- 
nine and hemocystine, 171 
Poly ami no and poly carboxylic amino 
acids separation by ion exchange 
substances, 292 

Polycarboxylic and polyamino amino 
acids separation by ion exchange 
substances, 292 
Porcupine. See Quills • 

Pork muscle, basic amino acids in, 72 
sulfur amino acids in, 190 
Proline, analytical results, 279 
carbon, 271 
empirical formula, 271 
hydrogen, 271 
in, albuminoids, 279 
animal proteins, 279, 280, 300, 301, 
302, 303 

autotropic organisms, 281 
biologically active substances, 279, 
281 

blood. 279, 300 
corn, 281, 304 
edestin, 305 
egg, 279, 301 
elastin, 300 
enzymes, yellow. 304 
gelatin, 295, 300 
gliadin, 306 
gluten, 306 
hair, 302 

keratins, 280, 302 
milk, 280, 303 
miscellaneous, 281 
muscle, 280 
animal, 303 
fish, 302 

plant proteins, 281, 304, 305, 306 
ricin, 303 

seed globulins, 305 
silk fibroin, 302 
viruses, 304 

wheat proteins, 281, 306 
wool, 295, 302 
zein, 304 
isolation, 271 
as betaine, 274 
by means of coppier salt, 274 


Proline (continued) 
isolation (continued) 

colorimetric estimation, 278 
of proline and hydroxyproline, 276 
Dakin's procedure according to 
Fiirth and Minnibeck, 272 
direct solvent extraction, 271 
Fischer ester distillation, 271 
of proline rhodanilate, 274 
precipitation with ammonium rei- 
neckate, 272 
melting point, 271 
molecular weight, 271 
nitrogen, 271 
optical form, 271 
oxygen, 271 

Proliiie rhodanilate, isolation of, 274 
Protamines, 3 
arginine in, SO 
histidine, 80 

hydroxyproline and proline in, 280 
leucine, isoleucine and valine in, 237 
lysine, 80 

Proteins. See also Blood proteins; Brain 
proteins; Egg proteins; etc. 
animal. See Animal proteins 
hydrolysates, methods for estimation 
of amino acids in, not ideal, 299 
sample for analysis, preparation of, 284 
urine. See Urine, proteins 
Pseudokeratins, ^-hydroxy amino acids 
in, 212 

sulfur containing amino acids in, 186 
“Puffed Sparkies,” amino acids in, 306 
“Puffed ®Wheat Sparkles, “ ^-hydroxy 
amino acids in, 213 

Puppies, diamino acids in brain proteins, 
63 

Pyridine-sulfuric acid, 33 
Pyrrolidone carboxylic acid, extraction 
of, 241, 246 

estimation of glutamic acid by con- 
version to, 246 

Q 

Quills, aromatic amino acids in, 125 
diamino acids in, 67 
sulfur amino acids in, 185 

R 

Rabbit, aromatic amino acids in muscle, 
131 

basic amino acids in muscle, 72 
diamino acids in brain, 63 
leucine, isoleucine and valine in myo- 
sin, 237 

sulfur amino acids in, 190 
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“Ralston/' amino acids in, 306 
/J'hydroxy amino acids in, 213 
Rat, aromatic amino acids in entire ani- 
mal, 113 

in muscle, 131 % 

basic amino acids in muscle, 72 
diamino acids in, 56 
in brain proteins, 63 
sulfur amino acids in muscle, 190 
Reineckates, decomposition of, 273 
Reinecke, acid, 272 
salts, 272 

Rhodanilic acid, 273, 274 
proline fhodanilate, 274 
Rihonuclease, diamino acids in, 66 
Rice, amino acids in, percentage, 305 
aromatic amino acids in, 136, 140, 
305 

in rice cereal, 136 
diamino acids in, 76, 79 
^-hydroxy amino acids in rice cereal, 
214 

sulfur containing amino acids in, 195, 
305 

Ricin, amino acids in, 305 
diamino acid in, 76 

glutamic and aspartic amino acids in, 
256 

hydroxyprolin* and proline in, 281 
leucine, isoleucine and valine in, 238 
sulfur containing amino acids in, 192 
Rubber, diamino acids in, 76 
glutamic and aspartic acids in latex, 
256 

sulfur amino acids in, 195 * 
Rubber-latex, aromatic amino acids in, 
136 

Rye, diamino acids in perennial rye, 75 
sulfur amino acids in, 194 

S 

Salicylaldehyde, 223, 225, 226 
Salivary gland tissue, aromatic amino 
acids in, 141 
diamino acids in, 80 
0-hydroxy amino acids in, 213 
sulfur containing amino acids in, 198 
Salmin, arginine in, 38 
Salmon. See Fish 

Sample, preparation for analysis, 284 
Sandstrom and Lillivik’s procedure for 
preparing phthal dialdehyde, 260 
Sarcoma, glutamic and aspartic amino 
acids in mouse, 255 

sulfur containing amino acids in rous 
sarcoma, 183 


Sargassum, glutamic and aspartic acids 
in, 256 

sulfur amino acids in, 192 
Scallops, See Crustacea 
Scyllium stellare, alanine and glycine in, 
^69 

argfiaine, 68 
diamino acids in, 68 
glutamic and aspartic acids in, 255 
histidine, 68 

hydroxyproline and proline in, 280 
leucine, isoleucine and valine in, 236 
lysine, 68 

Secretin, aromatic amino acids in, 124 
diamino acids in, 66 
glutamic and aspartic acids in, 254 
hydroxyproline and proHne in, 279 
sulfur contailiing amino acids in, 183 
Seed, amino acids in globulins, 305 
in proteins, 305 

aromatic amino acids in proteins, 140 
Serine, 199, 207. See also B-Hydroxy am- 
ino acids 
carbon, 199 
determination, 2l)7 
oxidation to formaldehyde by spe- 
cific oxidizing reagents, 207 
Boyd’s micromodification of Nic- 
olet-Shinn method, 208 
miscellaneous methods, 210 
periodate procedure of Nicolet 
and Shinn, 207 
empirical formula, 199 
historical, 207 
hydrogen, 199 
hydrolysis, 199 
in, albuminoids, 300 
animal proteins, 300, 301, 302, 303 
blood, 300 

egg, 301 

grasses, leaves, viruses, yeasts, 304 
keratins, 302 
milk, 303 

plant proteins, 304 
seed globulins and proteins, 305 
tissue proteins, 303 
wheat proteins, 306 
melting point, 199 
molecular weight, 199 
nitrogen, 199 
optical form, 199 
oxygen, 199 

Scrum albumins. See Blood 
globulins. Sec Blood 

Sheep, diamino acids in brain proteins, 
63 
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Shorts, diamino acids in, 77 
sulfur amino acids in, 196 
Shrimp. See Crustacea 
Silica gel, 446 A 

Silk fibroin, alanine and glycine in, 269 
amino acids in, 302 , r 

aromatic amino acids in, 126 
diamino acids in, 68 
jS-hydroxy amino acids in, 212 
hydroxyproliue and proline in, 280 
leucine, isoleucine and valine in, 236 
Silk serecin, ^-hydroxy amino acids in, 
212 

Silver acetate, 22 
oxide, 8 

Silver-baryta precipitation method, 38 
Skim milk, ^-hydroxy amino acids in, 
212 

Skin, alanine and glycine in snake skin, 
269 

aromatic amino acids in, 126 
in snake skin, 126 
diamino acids in, 68 
sulfur containing amino acids in hu- 
man skin, 186 
snake skin, 185 

Snake skin, alanine and glycine in, 269 
aromatic amino acids in, 126 
diamino acids in, 68 
sulfur amino acids in, 185 
Sodium amalgam reduction, 159 
hypochlorite in colorimetric estima- 
tion of hydroxyproliue, 276 
nitroprusside, 164, 172, 265 
Solubility products, 289 
Soybean, amino acids in meal, 305 
aromatic amino acids in meal, 123, 
136 

daily requirement, 309 
diamino acids in, 65, 76, 79, 305 
glutamic and aspartic acids in meal, 
256, 305 

iS-hydroxy amino acids in meal, 214, 
305 

hydroxyproline and proline in meal, 
281, 305 

leucine, isoleucine and valine in meal, 
238, 305 

sulfur containing amino acids in, 195, 
198, 305 
in meal, 182 

Spectrophotometric method for tyrosine 
and tryptophane, 103, 104 
Spinach, aromatic amino acids in, 135 
diamino acids in, 75 
Spleen, aromatic amino acids in, 141 
basic amino acids in, 80 


Spleen (continued) 

^-hydroxy amino acids in, 213 
sulfur containing amino acids in, 198 
Sponges, aromatic amino acids in, 127 
diamino acids in, 68 
Spongin, alanine and glycine in, 269 
aromatic amino acids in, 126, 127 
diamino acids in, 68 
glutamic and aspartic acids in, 255 
hydroxyproline and proline in, 280 
leucine, isoleucine and valine in, 236 
sulfur containing amino acids in, 186 
Squashseed-glob., aromatic amino acids 
in, 136 

Stachydrine, 274 

Steep water, aromatic amino acids in, 
138 

sulfur amino acids, 197 
Stick water, diamino acids in, 65 
Stomach tissue, aromatic amino acids in, 
141 

basic amino acids in, 80 
^-hydroxy amino acids in, 213 
sulfur containing amino acids in, 198 
Succinic acid, 250 
determination and extraction, 248 
hydrolysis, 248 

oxidation of glutamic acid to, 247 
Goepfert’s micro-determination, 249 
Sulfanilic acid, 43, 44 
Sulfur, reducing action of, in estimation 
of cysteine, 165 

Sulfur containing amino acids, 142, 174, 
175, D6, 177, 178, 179. See also 
Cysteine; Cystine; Methionine 
in, albuminoids, 174 
animal proteins, 175, 190, 191, 198, 
300, 301,302, 303 
entire, 175, 303 
arachin, 305 *' 

autotropic organisms, 192 
biologically active substances, 192 
blood, 176, 177, 178, 179, 300 
brain proteins, 180, 303 
casein, 303 
corn proteins, 304 
other than zein, 192 
cottonseed globulin, 305 
meal, 305 
cytochrome, 187 
edestin, 193, 305 
egg proteins, 180, 301 
crystalline egg albumin, 180 
proteins other than albumin, 181 
elastins, 174, 300 
enzymes, 183, 302 
yellow, 304 
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Sulfur (continued) 
in (continued) 
feathers, 302 
feeds and fotfds, 182, 300 
ferritin, 187 ^ 

fish muscle, 303 
flaxseed meal, 305 
gelatin, 174, 300 

gelatins, elastins, and related 
proteins, 174, 300 
glands, mixed, 303 
gliadin, 193, 306 
globins, 176 
gluten, 304, 306 
glycinin, 305 
grass proteins, 194, 304 
hair, 302 
human, 184 

proteins other than human hair 
and wool, 185 
heinerythrin, 187 
hemocyanin, 187 
hormones and enzymes, 183, 302 
and non metal ic enzymes, 183 
horn, 302 

proteins and similar eukeratins, 
185 

insulin, 302 
keratins, 184> 186, 302 
lactalburnin, 189, 303 
/3-Iactoglobulin, 303 
leaf proteins, 194, 304 
linseed meal, 305 
liver proteins, 187, 303 
metalloproteins, 187 * 

other than hemoglobin, 187 
milk proteins, 187, 188, 189, 303 
in casein from cow's milk, 187, 
188 

proteins other than casein and 
lactalburnin, 189 
muscle proteins, 190, 191 
animal, 190, 191, 303 
fish and Crustacea, 191 
oats, 305 
peanut flour, 305 
pepsin, 302 

plant proteins, 192, 197, 304 
miscellaneous, 195 
pseudokeratins, 186 
rice, 305 
ricin, 305 
rubber, 195 
seed proteins, 305 
silk fibroin, 302 
soybean meal, 305 
thyroglobulin, 302 


Sulfur (con^^nM€ti) 
in (continued) 
tissue proteins, 198, 303 
animal, 198 
urine proteins, 178 
yiruses, 196, 304 
Vk^cat prolbins, 306 
other than gliadin, 196 
wool, 302 
sheep’s, 184 

yeast proteins, 197, 304 
zein, 197, 304 

requirements of man, 308, 309 
annual per capita consumption in 
U. S., 308 

in, beans and nuts, 308 
cereals, 308 
dairy products, 308 
eggs, 308 

meat and fish, 307 
daily requirements, 308 
in, enriched bread, 308 
meat, 308 
milk, 308 
white floiff, 308 

percentage supplied by 100 gm. 
of protein from, corn, 309 
enriched bread, 309 
meat, 309 
milk, 309 
soybeans, 309 
white flour, 309 

Sunflower, alanine and glycine in globu- 
lin, 270 

hydroxyproline and proline in seed 
globulin, 281 

T 

Tankage, amino acids in, 301 
aromatic amino acids in, 123 
diamino acid in, 65 
^-hydroxy amino acids in, 212 
leucine, isolcucine and valine in, 236 
sulfur containing amino acids in, 182 
Tanret’s reagent, 36 
Testes, aromatic amino acids in, 141 
diamino acids in, 80 
^-hydroxy amino acids in, 213 
sulfur containing amino acids in, 198 
Threonine, 199, 201. See also B-Hy- 
droxy amino acids 
carbon, 199 

determination; oxidation to acetalde- 
hyde with specific oxidants, 201 
lead tetraacetate method of Block 
and Bolling, 201 
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Threonine {continued) 
determination (continued) 

periodate-p-hy droxy di phenyl 
method, 206 

periodate method of Shinn and 
Nicolet, 203^ t 

Winnick’s micro adaptation of 
Shinn method, 205 
empirical formula, 199 
historical, 201 
hydrogen, 199 
hydrolysis, 199 
in, albuminoids, 300 
animal proteins, 300 
blood, 300 
bread, 306 
Cerevim, 306 
corn, 304 ' 

Cream of Wheat, 306 
egg, 301 

feeds and foods, 301 
grasses, Leaves, 304 
hormones and enzymes, 302 
keratins, 302 , 

milk, 303 

Puffed Sparkles, 306 
Ralston, 306 

seed globulins and proteins, 305 
tissue proteins, 303 
viruses, 304 
wheat proteins, 306 
Wheatena, 306 
yeast, 304 
melting point, 199 
molecular weight, 199 
nitrogen, 199 
optical form, 199 
oxygen, 199 

requirements of man, 308, 309 

average annual per capital con- 
sumption in U. S., 308 
in, beans and nuts, 308 
cereals, 308 
dairy products, 308 
eggs, 308 

meat and ffsh, 308 
daily requirements, 308 
in, enriched bread, 308 
meat, 308 
milk, 308 
white flour, 308 

percentage supplied by 100 gm. of 
protein from, corn, 309 
enriched bread, 309 
meat, 309 
milk, 309 


Threonine (coTilinued) 

requirements of man, daily (continued) 
percentage supplied by (continued) 
soybeans, 309 
* white flour, 309 

Thymol, 96 

Thymus, aromatic amino acids in, 141 
basic amino acids in, 80 
i8-hydroxy amino acids in thymus tis- 
sue, 213 

sulfur containing amino acids in, 
198 

Thyroglobulin, amino acids in, 302 
aromatic amino acids in, 124, 125 
diamino acids in, 66, 67 
sulfur containing amino acids in, 
183 

Thyroxine, 81, 110. See also Aromatic 
amino acids 

determination according to Blau, 110 
chemical method, 110 
Lugg’s modification of Millon- 
Nasse reaction, 111 
Timothy, diamino acids in, 75 
Tissue proteins, alanine and glycine in, 

269 

amino acids in, percentage, 303 
aromatic amino acids in, 141, 303 
basic amino acids 80, 303 
glutamic and aspartic acids in, 255, 
303 

^-hydroxy amino acids in, *213, 303 
leucine, isoleucine and valine in, 237, 
303 

sulfur (Containing amino acids in, 198, 
303 

Titania, separation of amino acids on 
292 

Titanous chloride, 158 
Titration method of Pope and Stevens, 
284 

Tobacco, alanine and glycine in virus, 

270 

aromatic amino acids in mosaic to- 
bacco virus, 137 

glutamic and aspartic acids in virus, 
256 

j8-hydroxy amino acids in virus, 213 
hydroxyproline and proline in virus, 
281 

sulfur containing amino acids In 
mosaic, 196 

Trauma, brain proteins in, 62, 119 
Trioxalatochromiate, isolation of glycine 
as, 258 

Trypsin, aromatic amino acids in, 124 
diamino acids in, 66 
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Trypsin {continued) 

0-hydroxy amino adds in, 212 
Trypsinogen, aromatic amino acids in, 
124 

diamino acids in, 66 i 

Tryptophane, 6, 81, 89. See also Aro- 
matic amino acids 
analyses, comments on, 104 
determination and isolation, 89, 97. 
See also Tyrosine 
aldehydes, reaction with, 91, 94 
Bates adaptation of Voisenet- 
Rhodc method, 94 
Fhrth and Dische’s modification 
of Voisenet reaction, 92 
Komm's adaptation of Voisenet- 
Rhode reaction, 93 
Kraus's adaptation of Voisenet- 
Rhode reaction, 92 
May and Rose’s modification of 
Voisenet-Rhode reaction, 92 
Sullivan, Milone, and Everitt’s 
modification of Voisenet- 
Rhode reaction, 94 
Thomas's application of Voisenet- 
Rhode reaction, 92 
Voisenet-Rhode reaction as used 
by Tomiyama and Shige- 
matsu', 93 

glyoxylic acid, reaction with, 89 
Brice's use of glyoxylic acid 
method, 90 

Cary’s application of Hopkins- 
Cole method, 90 

Shaw and Mac Parian e's modifi- 
cation of Hopkins-Winkler 
procedure, 91 

Winkler's modification of Hop- 
kins-Cole procedure, 90 
of tyrosine and tryptophane, 97 
Millon-Folin reactions, 97 

Block and Bolling’s adapta- 
tion, 98 

method of Folin and Marenzri, 
97 

Millon-Nasae reaction, 101 

Block and Bolling’s modifica- 
tion of Millon-Lugg meth- 
od, 102 

Lugg's use of Millon-Abder- 
halden reaction for trypto- 
phane, 101 

spectrophotometric method, 
103 

other colorimetric tests, 95 
Albanese and Frankston’s adap- 
tation of Jolles test, 96 


Tryptophane (continued) 
determination (continued) 
other colorimetric tests (continued) 
Miller and Lyons’ NaOCl reac- 
tion, 95 

j^Nichol’s Reaction, 96 
hydrolysis, 81 
in, albuminoids, 300 
blood, 300 
bread, 306 
Cerevim, 306 
corn, 304 

Cream of Wheat, 306 
egg, 301 

feeds and foods, 301 
gramicidin, 295 

grasses, leaves, yeast, viruses, 304 
hormones and enzymes, 302 
keratins, 302 
milk, 303 
plants, 304 
Puffed Sparkles, 306 
Ralston, 306 
seed proteins, ^05 
tissue proteins, 303 
tyrocidine, 295 
wheat products, 306 
proteins, 306 
Wheatena, 306 

Tumors, glutamic and aspartic acids in, 
265 

Turnip tops, sulfur amino acids in, 194 

Turtle, basic amino acids in, 72 
muscle, sulfur amino acids in, 190 
scutes, aromatic amino acid in, 126 

Tyrocidine, alanine and glycine in, 270 
amino acids in, 295 
aromatic amino acids in, 133 
aspartic acid in, 295 
glutamic and aspartic acids in, 256 
0-hydroxy amino acids in, 213 
hydroxyproline and proline in, 281 
in, glutamic acid, 295 
ornithine, 295 

isolation of ornithine from, 295 
isoleucine in, 238, 295 
leucine in, 238, 295 
tryosine in, 295 
tryptophane in, 295 
valine in, 238 

Tyrosine, 81, 85. See also Aromatic 
amino acids 

analyses, comments on, 104 
destruction, 46 

determination, 85. See also Trypto- 
phane 
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Tyrosine (continued) 
determination (continued) 

■ diazo reaction, 87 

Hanke's adaptation of Pauly re- 
action, 87 

isoelectric precipitation, 85 , * 
mercury salts and nitrous acid, re- 
action with, 85 

Bcrnhart’s modification of Mil- 
lon-Weiss method, 86 
riirth and Fischer’s adaptation 
of Millon reaction, 86 
Zuwerkalow’s modification of 
Millon-Weiss reaction, 86 
nitrosonaphthol in nitric acid, re- 
action with, 88 

of tryptophane and, tyrosine, 97 
Millon-Folin reactions, 97 
Block and Bolling’s adaptation 
of Miilon-Folin method, 
98 

method of Folin and Marenzi, 
97 

Millon-Nasse ‘reaction for, 101 
Block and Bolling’s modifica- 
tion of Millon-Lugg meth- 
od, 102 

Lugg’s use of Millon-Abder- 
halden reaction for trypto- 
phane, 101 

spcctrophotometric methods, 103 
hydrolysis, 81 
in, animal proteins, 300 
blood, 300 
bread, 306 
Ccrevim, 306 
corn, 304 

Cream of Wheat, 306 
egg, 301 
elastin, 300 
enzymes, 302 
feeds and foods, 301 
gelatin, 300 
hormones, 302 
keratin, 302 
milk, 303 

plant proteins, 304 
Puffed Sparkles, 306 
Ralston, 306 
seed proteins, 305 
tissue proteins, 303 
tyrocidine, 295 
wheat proteins, 306 
Wheatena, 306 
wool, 295 

mercuric chloride complex, 87 


U 

Ulva, glutamic and aspartic acids in, 256 
sulfur amino acids in, 192 
, Urea, hydrolysis of arginine to ornithine 
and, 35 
Urease, 37, 38 
Uric acid reagent, 147 
Urine, aromatic amino acids in urine 
proteins and human pathological 
scrum, 117 

diamino acids in. proteins, 60 
sulfur amino acids in proteins, 178 

V 

Vacuum distillations, 14 
Valine, 215 
carbon, 215 
empirical formula, 215 
estimation, 216. See also Valine, sepa- 
ration 

distillation, 216 
esterification, 216 

Fischer ester hydrochloride method, 
216 

fractionation of acetyl derivatives, 
220 

counter-current liquid-liquid sep- 
aration, 220 

liquid chromatographic method 
of Martin and Synge, 220 
in mixtures, 223 

microbiological determination, 232 
cojnplete medium for Lactobacil- 
lus arabinosus, 232 
micro oxidation methods of From- 
ageot and Block, 221 
estimation of leucine and valine 
by differential chromate ox- 
idation according to From- 
ageot, Heitz, and Mourgue, 
222 

estimation of leucine, isoleucine, 
and valine by differential ox- 
idation, 224 

ninhydrin oxidation, 230, 231 
microestimatioD, 232 
hydrogen, 215 
in, albuminoids, 235, 300 
animal proteins, 235, 236, 237, 300, 
301, 302, 303 
blood, 236, 300 
brain, 236, 303 
bread, 306 
casein, 303 
Cerevim, 306 
corn, 237, 304 
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Valine (continued) 
in (continued) 

cottonseed, globulins and meal, 305 

Cream of Wheat, 306 

edestin, 305 

egg, 236, 301 

elastin, 300 

feeds and food, 236, 301 
fish muscle, 303 
flaxseed, 305 
gelatin, 295, 300 
glands, mixed, 303 
gluten, 304 
gramicidin, 295 
hair, 302 
horn, 302 
keratins, 236, 302 
lactalbumin, 303 
j3-lactoglobulm, 303 
leaf proteins, 237, 304 
linseed meal, 305 
metalloproteins. 236 
milk, 236, 303 
muscle, 237, 303 
peanut, 237, 305 
plant proteins, 237, 238 
Puffed Sparkies, 306 
Ralston, 306 
ricin, 305 

seed globulins, 305 
proteins, 305 
soybean meal, 305 
tissue proteins, 237, 303 
tyrocidine, 295 ^ 

various proteins, 235 
wheat, 237, 306 
Wheatena, 306 
wool, 295, 302 
yeast, 237, 304 
zein, 304 

melting point, 215 
molecular weight, 215 
nitrogen, 215 
optical form, 215 
oxygen, 215 

requirements of man, 308, 309 

average annual per capita con- 
sumption in XJ. S., 308 
in, beans and nuts, 308 
cereals, 308 
dairy product, 308 
eggs,* 308 

meat and fish, 308 
daily essential requirements, 308 
in, enriched bread 
meat, 308 
milk, 308 


Valine (continued) 

requirements of man, daily (continued) 
in (continued) 
white flour, 308 

daily requirements, percentage sup- 
) plied by 100 gm. of protein 
' from, corn, 309 
enriched bread, 309 
meat, 309 
milk, 309 
soybeans, 309 
white flour, 309 

separation. See also Valine, estimation 
from alanine, 217 
of leucine and isoleucine from, 217 
of leucine from isoleucine and valine 
by copper salts, 218 
by naphthalene-^-sulfonic acid, 
219 

Van Slyke apparatus, 29 
Vanillin, 92 

Veal muscle, ^-hydroxy amino acids in, 
213 

Veronal, 49 
buffer, 49 
Viruses, 213 

amino acids in, percentage, 304 
aromatic amino acids in, 137, 140, 304 
diamino acids in, 77, 79, 304 
leucine, isoleucine and valine in, 238 
sulfur amino acids in, 196, 304 
Vitellin, amino acids in, 64', 122, 181, 
211, 236, 254, 268, 279, 301, See also 
Egg 

W 

Whale baleen, aromatic amino acids in, 
126 

sulfur amino acids in, 186 
Wheat, alanine and glycine in wheat 
proteins, 270 

amino acids in, percentage, 306 
germ, 306 
products, 306 
whole wheat, 306 

aromatic amino acids in crystalline 
wheat, 133, 306 

proteins (other than gliadin), 137, 
140 

diamino acids in, 79, 306 
in proteins other than gliadin, 77 
glutamic and aspartic acids in pro- 
teins, 256, 306 

j3-hydroxy amino acids in proteins, 
' 214, 306 

hydroxyproline and proline in, 281, 
306 
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Wheat (continued) 

leucine, isoleucine and valine in pro- 
teins, 238, 306 

sulfur containing amino acids in * 
crystalline wheat peptide, 192,* 
306 

in proteins, 198 * 

in other than gliadin, 196 
Wheatena, amino acids in, 306 . 

d-hydroxy amino acids in, 213 
Whey proteins, aromatic amino acids in, 
129 

Wool, alanine and glycine in, 269 
amino acids in, 295, 302 
aromatic amino acids in, 125, 302 
diamino acids in, 67, 302 
glutamic and aspartic acids in, 255, 
302 

hydroxyproline and proline in, 280, 
302 

isoleucine in, 236, 295 
leucine in, 236, 295 
methionine in, 295 
phenylalanine, 295, 302 
proline in, 295, 3D2 
sulfur containing amino acids in, 186 
in sheep’s wool, 184 
tryosine in, 295 
valine in, 236 

X 

Xanthydrol, 35 

Y 

Yeasts, amino acids in, percentage, 304 


Yeasts (continued) 
aromatic amino acids in, 138, 304 
in baker’s yeast, 138 
in brewer’s yeast, 138 
in proteins, 140 
diamino acids in, 78, 79, 304 
^-hydroxy amino acids in brewer’s 
yeast, 214 

in yeast-steep water, 214 
leucine, isoleucine and valine in pro- 
teins, 238, 304 

sulfur amino acids in proteins, 197 
302 

baker’s yeast, 197 
brewer’s yeast, 197 

Z 

Zein, alanine and glycine in, 270 
in zein residue, 270 
amino acids in, percentage, 304 
aromatic amino acids in, 138, 140, 304 
in zein residue, 134 
diamino acids in, 78, 80,. 304 
glutamic and aspartic acids in, 256, 
304 

|3-hydroxy, amino acids in, 213, 304 
hydroxyproline and proline in, 281, 
304 • 

leucine, isoleucine and valine in, 237, 
304 

sulfur amino acids in, 197, 304 
in zein residue, 192 
Zeolite, 245 

Zinc-alkaline plumbite method, 146 
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